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No Cutting of Conductors 
No Interru 


——_ Con a, 


TYPE Limba! ALTERNATING CURRENT 


rd 


UST hook the instrument around the line and read ‘‘am- 


| eae Or, connect leads to the convenient binding posts 
and read ‘‘volts.’’ There’s no need for additional equipment of 
any kind—no necessity for cutting conductors or shutting Gown 
equipment. 

You can measure alternating current in insulated or non- 
insulated conductors up to two inches in diameter. Four current 
ranges, 0—15/60/150/600 amperes, are available at the setting 
of a plainly marked range-selector switch. 


This low-priced instrument is small enough to 
get into tight places, light enough to be carried 
ona lineman’s belt, and accurate enough for a 
great variety of measuring jobs. 


A Single Set-up for Current and Voltage 


Two voltage ranges, 0-150/600 volts, 
vided. Just set the switch to the desired voltage range, 
then connect leads to the terminals on the front of the 
(Voltage leads are furnished with each instru- 


are also pro- 


instrument. 
ment. 

does not affect 
then flick the 


Leaving the voltage leads connected 


current readings. Just read the ‘‘amps,”’ 


switch and read ‘“‘volts.”” 


PUSH-PULL OPERATION GIVES TRIGGERLESS SAFETY 




















Send for This Free 
Bulletin Today 


Our bulletin GEA-2950 gives complete 
information about this time-saving instru 








2. Place open “hook” around con 
ductor; a slight push on handle 
snaps it shut, and instrument is 


ready for reading. 


GENERAL 


Pull “hook” slightly and it snaps 


open. No trigger to pinch fingers. on 


pull 


trigger conne 


When reading is obtained, a gentle 
handle 
joint and releases conductor 


Call your G-E Office or write 
Schenectady, N. Y. 
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Projection Comparators 


for RAPID INSPECTION of 
SMALL PARTS 











EASILY AND INEXPENSIVELY ASSEMBLED 
FROM OUR MICROSCOPES AND UNIVERSAL 
LABORATORY SUPPORTS 


@ Extremely wide range of magnification 
@ Bright, clear images 


@ Parts, including microscope, may be used for 
many other purposes 


@ Literature on request 


THE GAERTNER SCIENTIFIC CORP. 


1201 WRIGHTWOOD AVENUE ® CHICAGO ® USA 
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THERMOSTATIC STEAM TRAPS 
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CLIFFORD MANUFACTURING CO. 
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BOSTON CHICAGO DETROIT LOS ANGELES 
PRODUCERS OF BELLOWS EXCLUSIVELY 
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COVER: One of the stations in Cummins Engine ( 
new testing department 


Courtesy The fustin Co., Engineers and Builders 


Story on page 271 


Tem perature Measurement 
and Control 
A NEW BOOK BY 
M. F. BEHAR 


Introduction and chapters on 
Industrial Thermometry 
complete in This Issue 


I-—TEMPERATURE MEASUREMENT 
FOUNDATIONS 
II—_CLASSIFICATIONS OF TEMPERATURI 
INSTRUMENTS 
I1I-—-THE MEASURING PROPERTIES OF 
TEMPERATURE INSTRUMENTS 
IV-—-MERCURY-IN-GLASS THERMOMETRY 
V—SOLID-EXPANSION THERMOMETRY 
VI—PRESSURE-SPRING THERMOMETRY 
VII—~-RESISTANCE THERMOMETRY 
PUBLISHER’S ANNOUNCEMENT—This is not merely 
a new edition of Major Behar’s 1982 hook “Tem 
perature Measurement and Control” but a com 
plete revision. Coming instalments: Industrial 
Pyrometry in October, Temperature Control i 
November and December. —RICHARD RIMBACH 
EDITORIAL 
BRIEF ITEMS 
NEW INSTRUMENTS 
Indicators, recorders, controllers, inspection 
devices, ete., for plant, field and laboratory 
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The Most Important Measurable 


\ industry, temperature is by far the most important, not 
| nly of processing conditions but of working conditions 
even of storage conditions. While its successful indus- 
measurement is comparatively recent, its attempted 
trol for the sake of bodily comfort goes back to pre 
storie ages, and intelligent observations of its effects as a 
cessing condition were made and handed down by ancient 
ks and bakers, spinners and weavers, smelters and 
niths, potters and ceramists, and other forerunners of in- 
istrial engineers, long before the distinctions between heat 
nd temperature were formulated. Every industry is a tem- 
rature industry and every process is a temperature 
cess. There are no exceptions. Take the mining industry 
and in particular the magnetic separation process, as an 
xtreme example. No exception there: For when a separat- 
ng plant is erected in the Far North, something has to be 
ne about temperature as a working—if not a processing 
condition. The general rule still stands: every process is a 
mperature process. The only thing suggested by the sepa- 
ating process example is that in that particular case the 
yne best” temperature is anywhere in the comfort range. 
In that sense, our extreme example does furnish an excep- 
tion, for the optimum temperature of most industrial proc- 
esses lies within a narrow range—a few degrees too hot or 
too cold and production is spoiled. If it were not so you 
vould not be reading this book. 

It must be emphasized at the outset that industrial serv- 
ice conditions compel a re-definition of the laboratory mean- 
ing of “results.”” Many a laboratory worker nurses and xod- 
lles his instruments, and in effect creates special conditions 
under which his pets can ‘do their stuff” to the fourth 
decimal. Some hard-boiled production men may take an- 
other extreme and demand the impossible. The engineer, 
equipped with knowledge of the principles related to the 
application and to the instrument, takes a_ reasonable 
attitude. 

Temperature gradients in many pieces of industrial equip- 
ment make it utterly hopeless to expect to measure ‘the 
temperature.” In large drying compartments the gradient 
often exceeds 50°F. when the desired temperature is only 
around 300°F., especially when trays or other obstructions 
prevent good circulation. The measurement of the tempera- 
ture of non-ineandescent pieces of solid materials inside an 
ven or other apparatus is also a difficult task. Even in the 
case of an empty oven—empty but for air or gas—the read- 
ngs of a thermometer bulb or thermocouple junction will 
ordinarily be affected by conduction along, and by radiation 
from and to, the bulb chamber, well, or socket. When the 
alr or gas is in motion, as in a flue or duct, there is no such 








“Speeding Up Defense 
Through Instrumentation” 


A reminder that you should enter this $500 prize contest. 


Details and rules in last month’s issue. 


HENCE 
Conquerable 


Variable 


thing as ‘‘the’” temperature and what is required for exact 
and complete knowledge is not a measurement but an inves 
tigation—to which statement power-plant and air-condition 
ing engineers will say amen! But aren’t flue gas thermom 
eters In constant use everywhere? Certainly; and their ruc 
cessful use provides an illustration of the engineer’s “happy 
medium” view of temperature measurement and control: 

1. Too painstaking scientific methods and the use of deli 
cate non-industrial temperature instruments are unneces 
sary for the successful routine conduct of processes in in 
dustrial plants. 

2. Measurements of “the temperature” will be dependable 
and significant if properly-selected instruments are properly 
installed, with special care that their bulbs or couples be 
placed where the temperature is representative. Actual im 
mersion is not always necessary: in the operation of ope 
hearth furnaces, for examnle, optical or radiation pyrome 
ters are most frequently sighted on the inner face of thi 


roof—not only because of the difficulties of measuring the 
temperature of liquid steel but because of the economic 
factor. 

3. Automatic temperature control can generally be real 
ized if the primary or sensitive element be sufficiently re 
sponsive to temperature variations, the other elements ade 
quate for their respective functions, and the whole properly 
installed on equipment that lends itself to control. 

After all, these statements are self-evident, for they imply 
that the process equipment (a 10,000 h-p. boiler or a randy 
kettle) must be suitable for the use of temperature instru 
ments; and that the instrument must be reliable. Most :le 
signers and makers of plant equipment now strive to supply 
industry with apparatus that lends itself to temperature 
control. And many designers and makers of industrial vem 
perature instruments are capable of supplying control sys 
tems that hold temperatures ‘“‘on the nose” in the majority 
or classes of processing apparatus—even in some poorly-de- 
signed pieces of equipment. The makers of thermometers. 
pyrometers and automatic systems seem to be several laps 
ahead. Industrial temperature instruments today are usually 
more intrinsically accurate than is required by industrial 
service conditions determined by the “quality” of processing 
equipments. 

It has been a race in which everyone is a winner. It still 
is. And the friendly rivalry will not only continue but grow 
in intensity—because all competing grouns really ccmnete 
for the honor of doing most for ‘‘the fellow on the other 
side of the fence’”—because Temperature is such an elusive 
condition to measure and to control automatically that a 
healthy thirst for exact information unites all workers 
because Temperature affects not only all industrial processe 
themselves but all the methods of measuring and controlling 
the other factors that bear upon the success or failure of 
any technological operation. 
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Unshakable Foundations of 


Temperature Measurement 


ORE dealing witl 


to take up that peculiar thing, 


temperature instruments, It 1S 
Temperature, 
require that 

lab and to the 
the 
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measure and control. This will we 
plant and make a brief visit to the 
but with the understanding that 
s practical. Let’s 
bread-and-butter 
liscoveries made today’s industries possible. Let’s visit liv 
ists put 


s on tomorrow’s payrolls. 


room purpose 
of the 


because thei 


excursion Visit 


ast, to whom we owe ou} 


ne scient W hose recent discove} eS W il] our succes 


Come along as you would to a double-feature show—mys 
tery and comedy—for our excursion will combine some of 
the greatest detective stories with the greatest piece of 


umor—Nature’s impish jokes and riddles. 
And it is a huge joke that Nature constantly plays on us. 
She has given us nine senses which provide the clues where 


after another, but to discover her 
aws we sometimes to the of 
To riddles sometimes have to fly 
against the dictates of the trickiest “sense,” the tenth one, 


vith to solve one mystery 


have ignore evidence these 


senses. answer he we 


know! common sense or “everybody knows ; 


as 
This makes the game exciting, because it takes uncommon 
to solve the ever-springing riddles, and courage to 
out against old petrified common sense entrenched as 
scientific dogma. It used to be a tough game when whoever 
lifting the veil part risked being put to 


Nowadays the rules have been softened: instead of 


succeeded in way 


adeatn. 


the ax or stake, only a “geniuses-are-crazy” handicap con 


fronts modern players. But the accumulation of petrified 
common sense is greater than ever, and our nine senses 
veaker than ever, so that Nature’s pranks are just as 


humorous, and the game just as exciting. 


For example, Nature has wisely provided every normal 


human with the sense of temperature, and her joke is that 
mankind’s notions of heat and of “degree of heat’ were so 
ludicrously bound up with this gift that even today it takes 


several years of night school to pound into a young appren 


tice the faintest glimmer of modern concepts of heat and 
temperature in order that he can earn promotions in the 
plant instrument department. To be sure, science doesn’t 
know all the answers, but classic and modern detective jobs 
have yielded enough exhibits for a dozen excursions. 

The sense of sight is another wondrous gift. Without it 
ve’d be like plants or primordial forms of animal life. 


Moreover, when Nature endowed us humans with this gift 


she acted like a wise and kindly but prankish Communica 
tions Commission: assigning to the human eye—and to the 
uman eye only—a reception band of perfect range, perfect 
shape and perfect location among all her broadest frequen 
cies. If this normal-eye sensitivity curve were much shorter, 


ve’d not only harde) 
distinguish objects. (Ever try walking in a strange place 


pyvrometer 


lack the joys of color, but we'd find it 
to 


glasses?) If it much 


nger we'd never have the blessed relief of complete dark 


vearing old-fashion were 


ness when we and 
that 
the 


want to sleep in a (walls 
emitting infra-red). her little joke was 
of ht actually prevents from 

vhole picture in the entire light, so that it 
for scientific to that 


enormous range 


warm room 


furniture But 


this sense Sig us 


seeing 
took en 
radiation 


whose 


sleuths deduce frequencies 
the exploration and 


utilization leads to progress in temperature instrumentation 


ove! 


extend 


as well as radio and television. 


Our sense of time is a wondrous gift, enabling some of us 
to wake up regularly a minute before the 
tf, but Nature spiced this gift with our “natural” drea 
f infinite future and infinite past, which made it hard to 
solve the riddle of Real Geometry. 


alarm clock goes 


NTS 


INSTRUMI 
. 13 


Pave 230 





BEHAR 


In connection with the static sense—the sense of 
a long and fascinating history of detect 
Nature’s gift made mankind to’ dist 
between up and down, even in the dark; her joke 
this made mankind for a ridiculous 
time after we could till, cook, weave, build, read, writ 
in the Absolute Up and Absolute Down. Ti 
cept was the official truth; so the earth was flat; the 
moon, stars and planets were carried by a set of 
spheres with a common center eternally fixed at Thebs 
Athens or 
declared it was eternally 
instrument-makers and 


there is 
courage. able 


sense believe 


count 


Rome or wherever the Minister of Propag 
fixed) and off with the hea 
instrument-users who claimed 
measurements belied the authoritative texts! 

Together with the sense of sight, this static sens 
stituted a valuable gift in that the combination engend: 
the concepts of front and back, right and left, of dista 
and intervals; hence of areas and volumes. But in this 
Nature’s joke has (and still is for 99.999% of 
that our space concept made us cowards: we shrank { 
thinking about “infinite” space and when we couldn’t 
off this awe we ran weeping to the medicine-men whi 
the “The realm of Jupiter is 
above, that of Pluto down below and that of Oceanus 


been 


common-sense answer: 


around the earth. Now stop crying; stop thinking; gim: 


a coupla drachmas for the upkeep of the temple; and if 
doubt my word I’ll offer you as a sacrifice to the God 
of Wisdom!” More recently we ran to the genuine ast 
omers and physicists but—until this century—Nature d 
let anyone see the simple answer with his mind’s eye. A 
that’s the answer: the space of physical reality ca 
be seen by reason’s eyes. 

As you future historians will 
which nineteenth-century scientific 
developing 


the 


needles 


at 
detectives 
equations 


know, smile 


gave themselves in elaborate 
quicksand foundation lacking the essential cement of 
space-time concept. What has relativity to do 


perature measurement? Why, the simplest visible thern 


with te 


etric effect, the expansion and contraction of a rod (e 
f a rod of a pure monatomic monovalent metal with f 
centered cubic lattice, which is the simplest*) defied 
attempts at satisfactory quantitative formulation u 
about 1935 to 1939. Then only did a few able mathemat 
physicists put together the main pieces of the puzzle. 1 
of modern relativistic 
taining to atoms and sub-atomic particles 


did so by making use theories } 


in turn Einstein’s theories matter and 
space-time field. 

Excursion getting difficult? 
the 


Was 


on of energy 


remainder is apple pie. The idea of 
to an idea of the handi 


heroes we are to visit. 


Stick along: 
little side-trip 
faced by the 


convey 


It may 
attempts to measure temperature until late in the sixtee 


century, when science and technology were pretty well 


vanced in many other respects. As a matter of fact, 
first thermometers (thermoscopes, really) were made 
connection with investigations of climate and _ weat! 


Galileo Galilei and his associates of the Florentine Acad 
had been making and using various types of weathe: 
struments, including barometers. The Florence glass b 


ers were skilled; Galileo himself built hundreds of 


Ins 


*Phuyusically, of course, the diamond is frequently called the 
plest solid because its packing is so clost but mathemat-cally 
oincidence of tetravalence and four nearest neighbors make 
rigorous derivation of temperature coefficient laws more diffi 


theories bas 


have been this natura! difficulty which retard 
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if various types and was strong for exact measure- 
the concept of temperature was related to human 
so it was inevitable, perhaps, that this combina- 
t * interests and skills should suggest the making of 
trument shaped like an inverted bottle with a long 
nmersed in water, for measuring atmospheric tem- 
es. The bulb was blown until it was thin, for these 
s knew that heat travels slowly through glass. The 
tep was to use colored water and other colored liquids 
licating the variations in air volume. Next, to make 
‘air thermoscopes with smaller bulbs to measure the 
rature of the human skin. Next, to make various 
with the air bulb at the bottom. 
of these instruments, it appears, were open to the 
a phere, hence uncompensated for barometric error. 
( i relates, in his accounts of the Florentine Academy, 
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FLOR- 
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1591 (?) 
GALILEO 


that their “scale of heat intensity’? was based on two “fixed 
points, the cold of winter and the heat of summer, dividing 
the intervening space into 80 or 40 equal spaces. To deter- 
mine more accurately the position of these points, they 
defined the one to be the temperature of snow or ice in the 
severest frost, and the other to be the temperature in the 
bodies of cows and deer.” 

“Fixed points my eye!” says someone. But hats off to the 
Florentines for conceiving the idea. 

In those days—more than a century before the first prac- 
tical steam engine—the desire to measure temperature was 
chiefly entertained by men with a professional interest in 
weather, medicine and chemistry. A great contribution to 

ermometry was made in 1631 by Jean Rey, a French 
hemist and physician. Chemists remember Rey as the first 
to guess that something in the air was responsible for the 
nerease in weight in what we know as oxidation. Physi- 
‘ians honor him as the first to detect fever by taking the 
patient’s temperature. To instrumenticians, he was the first 
to use liquids instead of air for the thermometric substance 
He used wine, spirits of wine and even water. 

In short, he was the founder of liquid-in-glass thermom- 
try. No doubt he tried mereury and discarded it because 
ts expansivity is one-sixth that of alcohol. The outstanding 
tability of mercury as a thermometric liquid was probably 

nknown in the 1630’s. First to use mercury was the 

rench astronomer Boulliau, whose record of temperature 
servations from May 1658 to September 1660 is a datum 

' meteorology. 

The year 1665 may be said to mark the dim beginning of 

e transition from thermoscopy to thermometry: the 
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SCHOOL BOULLIAU 


Dutch-born French astronomer, physicist and instrument 
maker Christiaan Huygens recommended using what we 
would call a reproducible fixed point. He mentioned ice and 
he mentioned boiling water; but it is difficult to ascertain 
whether he had the right idea of a definite 

The art made great during the 
the seventeenth century. instruments 
Florentines compel admiration as 
and enamel work; and they are treasured in art museums 
as well as in scientific museums. The total number of tem 
perature instruments preserved in art and science museums 
is said to run into the hundreds. 

Only a month before this writing, there was dug up by 
Dr. Earl H. Brown, a New York consultant in 
tation, a description of an intricate weather recorder whic] 
1663: Monsieur de Monconys, in a 
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of travels published in 1695, mentions a visit he made at 
Oxford on June 11, 1668, to “M. Mathemati 
cian though small of body, who wishes not that his ideas be 
divulged but nevertheless told me about his Horologe of the 
Weather .’ Then de Monconys describes what we would 
call a combination rain recorder, 
corder, recording barometer thermometer. 
Dr. Brown sent me a copy of the quaint old illustration; 
and I have extracted and re-drawn the recording thermom 
eter portion of the apparatus. 
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Two important milestones 
eighteenth century. In 1701, 
the first “inferential” method of measuring temperatures: 
He observed the different times it took to cool 
after heating it to different heats. An inferential method of 
measurement is one which, though neither positive nor di 
rect, is based on a law of nature. Newton his 
law of cooling because he had invented a new mathematical 
tool which he called fluxions and which we know as the 
calculus. In that same year 1701, Newton proposed a the? 
mometer scale with zero for the freezing point of water, 
12 for body heat, and twelve equal divisions. Previously he 
had calculated what the velocity of sound in air should be 
at various temperatures! (This in the day of ‘Nature 
abhors a vacuum,” “anima” and so on!) 

A tremendously important deduction was made in 
by Jacques Amontons (the man who invented the “tele 
graph”—a system of signaling spelled-out messages from 
hill to hill). Amontons said that the absolute zero of the 
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* Quicker than the wink of a photo-finish camera... 


Controls by Guardian flash giant lite-up numerals on Race- 


Track Result Boards as shown above. 


A complicated and costly set-up? So they figured at 
the start . . . but Guardian equipment did the job with a 
single Type "'S'' Stepping Relay and a few ‘‘extras" se- 
lected from Guardian's 3700 standard parts . . . at a price 


that let the little fellows in. 


No Gamble on Results . 


Chances are... 99 out of 100... 
Guardian Engineering and Guardian 
Controls will do your job. 


It may look simple ... tough. . 
or even impossible .. . but past per- 
formances chalk up odds of a hun- 


dred-to-one that Guardian will 





"score" for you. 


HERE'S A TIP—No charge for competent, experienced engineer- 
ing advice. Send a print or sketch. Initial your letterhead for big 


new Relay Cata og 'L"” now 
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THAT GIVES LONGER LIFE 
TO MANY INSTRUMENTS 


The life and efficiency of most instruments 
depends on how they’re put together. That 
is why leading manufacturers in this field 
insist on the Jeading solder for all con 


struction purposes: 
KESTER CORED SOLDER 


This famous solder is available in a great 
variety of alloys, fluxes, core and strand- 
sizes. For each specific soldering job you 
are sure to find the right solder in the com- 
plete Kester Line. 


In the same way that instrument manufac- 
turers rely on these solders, instrument 
users prefer Kester Cored Solders for every 
type of installation. When you solder with 
Kester, the connection requires no further 


attention for the life of the apparatus. 


Kester engineers will be glad to give you 
expert advice on how to select the right sol- 


ders for your work. There is no obligation. 


KESTER SOLDER COMPANY 


4216 WRIGHTWOOD AVENUE, CHICAGO, ILLINOIS 


Eastern Plant: Newark, N. J. Canadian Plant: Brantford, O 


KESTER 


CORED SOLDER 


STANDARD FOR INDUSTRY, 














ity of heat must be the point where the spring of the 

an air thermometer vanishes completely. 
s was indeed a triumph of observation and reason. 
N e gave us the temperature sense as a precious gift, 
ng us to survive by avoiding exposures to “very hot” 
‘very cold” climates or objects that cause death or 
injury; but the convenient “range” and “sensitivity 
of this precious gift has made us unable to know 
er than hot” or “colder than cold” by actual per- 
ce ry knowledge. Amontons was about two and a half 
iries ahead of his time. He could not prove his theory. 
it was not until 1848 that the temperature scale which 

tes Nature’s absolute zero was established. 
this stage of our excursion we may note that Nature 
made this particular enigma eternally impossible to 
by a yardstick. No matter what size of a yard we 
t, this yard (“degree”) can only measure one interval 
he one and only interval between its own two end-points 
and it is useless everywhere else. Someone in the party 
emarks, “Exponential function.” He means a yardstick 
that lengthens and shrinks according to the region where 
t’s used and according to an exact mathematical law. That 
lea was one of the clues followed by Kelvin (as we shall 
see) but although it permits us to measure and compare 
quantities of heat, and even to lay out temperature scales 
that agree with one another and with Nature’s, it doesn’t 
give us a yard—not even a rubber yard. For we can add 
and subtract rigid yards; and we can add and subtract 
elastic yards by allowing for changes predicted by the law 
nvolved; but we can’t add or subtract temperatures. We 
can use a yardstick to measure a mile because a yard 
“here” is the same as a yard “there’’ but the physical uni- 
verse is such that a temperature interval ‘‘here” is differ- 
ent from the same temperature interval “higher” or “low- 
er.’ This is true even if we use a flexible degree of tem- 
perature: all the phenomena are different in one region of 
intensity of heat from what they are in a higher or lower 

region of intensity of heat. 

In fine, temperature is an intensive magnitude. 

Furthermore, there is no intensive magnitude like it. 
Illumination is an intensive magnitude, but how much sim- 
pler than temperature! Here is a sheet of paper; above it a 
lamp with three bulbs; each bulb a source of light and heat. 
Turn on one bulb, then two, then three: the respective illu- 
mination of the paper will immediately be in the propor- 
tions of 1-2-8 and the respective illuminations by the paper 
will be 1-2-3. But the temperature results will not produce 
addable figures even if you generalize and idealize the case 
and count the photons by using a super Geiger counter and 
applying Worthing’s equations. 

The glory of the eighteenth-century scientists is that 
they realized this handicap imposed by Nature in her little 
game, but nevertheless licked the problem of making some 
temperature-measuring instruments that could be made to 
agree with one another. Most cleverly, they took in Nature 
herself as their partner, by fixing the fixed points of their 
thermometers in conformity with the fixed points of nature. 
Two names dominate eighteenth-century thermometry: 
Daniel Fahrenheit and Anders Celsius, each of whom not 
mly “lobbied” throughout scientific Europe for his system 
of graduation but preached also the importance of infinite 
are in calibrating thermometers.* Under the same baro- 
metric pressure, Fahrenheit discovered, the temperature of 
the ice point is always the same. This does not mean merely 
“ice cold,” for a piece of ice may be colder than the ice 
point, nor does it mean the temperature of a pail of water 
with cracked ice all around it, for it is possible to cool 
vater slightly below the ice point. The correct description 
‘f the ice point is “temperature of equilibrium between ice 
ind water...” plus other technical requirements. Fahren- 
eit and Celsius also made long investigations of thermom- 
etric substances and their advantages and defects. 

The name of René Antoine Ferchault de Réaumur is added by 

me scholars. He was a great scientist; but the naming of a sys- 

m of graduation after him does not signify that he did as much 

thermometry. He prorosed a degree equal to 1/1000 of the ice- 
nt volume of a specified kind of alcohol. By coincidence the 


m point came at 8&6 but an “0-80” mercurial thermometer, 
lied a Réeaumur thermometer, does not obey the téaumur scale 


What is a thermometric substance? No exact definition is 
possible. Every material body is thermometric in the sens« 
that heat and cold change it in one way or another. Some 
substances exhibit effects which are more reliable than 
others. The best substances, in fact, are those which behave 
so well that we can forget them and concentrate on the 
effect which we utilize. (While on duty at the board, we fee! 
better when we can concentrate on the record produced o1 
au recorder chart than when we have to think of the mecl 
anism of the recorder.) 

The eighteenth-century investigators discovered that 
spirit thermometers carefully marked at the ice point and 
steam point would agree with one another when they wer 
filled with spirits of specified manufacture and purity. So 
would well-made mercury thermometers. This led to ai 
other discovery, namely, that the scales of “perfectly accu 
rate” thermometers employing different substances did not 
agree in the region half-way between the calibration points, 
and that the discrepancies were even greater between well 
calibrated thermometers employing different observable and 
measurable effects of temperature. 

Most bodies expand with rising temperature; some show 
little change; a few actually contract when heated and ex 
pand again when they cool. (Some alloys of the invar type, 
produced by clever modern metallurgists, have what is 
known as a negative coefficient.) Some substances display 
bad manners (the technical word is anomalous). Water, for 
example, is so ill-behaved that when you heat it from the 
ice point to the steam point it starts to shrink coyly, ther 
changes its mind at 4° centigrade and expands from the 
on. (But if that were not so, there would be no human life 
on this planet.) 

The eighteenth century had begun with the first bit of 
quantitative pyrometry—Newton’s inferential measurements 
of high temperatures which before his day could only be de 
scribed as “cherry hot,” “white hot,” ete. Its end witnessed 
another advance in pyrometry, which began in 1782 wher 
Sir Josiah Wedgwood, maker of artistic porcelain, a1 
nounced his famous shrinking clay cylinders. The title of 
mometer for measuring the higher degrees of Heat, fron 
his Royal Society paper was “An attempt to make a Ther 
a red heat up to the strongest that vessels of clay cal 
support.” He established a scale of temperature based o 
shrinkage of standardized clays, made to exact dimensions 
Prompted by an Edinburgh professor named William Play 
fair, he then attempted to make this scale conform to the 
Fahrenheit scale of mercury expansion, and he obtained a 
number of high-temperature measurements. Let us examine 
three of these: 


Melting “Y edgwood Vode 

Point Fahrenheit” Fahrenl 

of Seale Neale 

Silver 1,717 761 

Cast if0l..x... 17,977 217 

Wrought iron..... 21,637 2750 
*As reported by A. Dodds, The 1 

1931, page 108 

White cast iron 2100: gray { 


Don’t laugh! Wedgwood was the victim of one of Na 
ture’s little jokes: He assumed that the graduations ob 


tained by such a reliable effect as the contraction of hi 


standard clay cylinders represented a scale of intensity of 
heat which, if uniformly calibrated in its lower region, 
could be continued uniformly all the way up to the inter 
sities of heat in his world-famous kilns. 

Why shouldn’t he assume that? At the beginning of that 
century Amontons had imagined a scale based on thi 
“spring of the air’? and had dared to extend it mathemat 
ically all the way down; and for the past eighty years a 
ever-increasing number of men of science had been saying 
that Amontons was probably right. Only recently, in 1779, 
Lambert in his widely-read Pyrometrie had mathematical] 
deduced a value for “absolute cold” which was 2.70 times 
the interval between the ice point and steam point. Wh) 
shouldn’t Wedgwood extend the mercury scale practically 
he ld not 


howe 


only a little way up? There’s no reason why 
He just did not! He did not really extend Fahrenheit’s 
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mercury-expansion scale above the boiling point of mer- 
cury. And Amontons had not really extended the air-volume 
thermometer scale below the freezing-point of his colored- 
alcohol indicator. 

Amontons and Lambert, by the way, were not the only 
ones to try to “extend the scales” of actual thermometers 
on the cold side by imagination. Others had speculated 
likewise. Their inferential measurements of the “number 
of degrees” down to absolute cold disagreed enormously. 
The results of Laplace and Lavoisier ranged from fifteen to 
thirty times the ice-to-steam interval. Dalton adopted 30 
times that interval. Refrigeration engineers had not made 
their bow, so there was no actual production of colds below 
mixtures of ice and salts and the measurements of such 
colds remained a matter of speculation. But “the higher 
degrees of Heat... up to the strongest that vessels of clay 
can support” were being produced every day in various 
industries and their measurement was a practical need. 
Wedgwood was a measurement-minded manufacturer. He 
“put in an instrument department” in his plant and ran it 
himself. In developing “high-temperature instrumentation,” 
he used the “overlapping ranges” technique as well as he 
knew how. And no Instrument Department can do better 
than that! 

What was wrong? 

Nothing. Nothing much, that is, except that the clay 
cylinder contraction scale did not agree with others, such 
as the metal bar expansion scale, in the regions of multiple 
overlap. “Then which of the scales of these competitive in- 
struments,” we can imagine ceramists asking, “is the legiti- 
mate one for measuring red heats?” 

“All are legitimate; none is inherently a Standard,” we 


can imagine Science replying. 

“Oh, but that’s intolerable! Isn’t there a way we can 
select one in preference to all others—say like a mariner’s 
chronometer is preferable to an hourglass?” 

“You’ve got something there,” says Science. “The logical 
choice should be Newton’s method of plotting the easy-to- 
get-at endings of cooling curves and calculating the degree 
of heat of the furnace from which the bars were with- 
drawn. His method is correct, as far as we know. But it is 
not an instrument. It is an extremely complicated and diffi- 
cult technique, in which new sources of error are being dis- 
covered with every attempted refinement.” 

“Well, what’s the answer?” 


The answer was hard to wrest from Nature, but it was 
bound to come as a result of two events that happened in 
1769. One event was the granting of the famous Heat En- 
gine patent to James Watt; the other was the birth of a son 
to a Corsican family named Buonaparte. By the beginning 
of the nineteenth century the two consequences—the indus- 
trial revolution and the clash of world empires — both 
yanked men of science from their seclusion and spurred 
them to solve hundreds of riddles to improve the efficiency 
f manufactures and the effectiveness of armaments. 
Shortly after the Napoleonic wars, it was to be expected 
that the son of a former Minister of War, a brilliant grad- 
uate of the Ecole Polytechnique, should devote his talents to 
improving French armaments in order to vanquish “those 
manufacture-minded Britishers who would rather listen to 
a steam engine than to a symphony.” But this young Lieu- 
tenant of Engineers, named Nicolas Léonhard Sadi Carnot, 
sought by measurements and calculations the answer to the 
question, “How efficient can a heat engine be?’’—and he 
found this answer by a triumph of inductive reasoning in- 
volving also the first tentative answer to the question, “Just 
how can we measure temperature and know we’re doing it 


right?” 
‘ 


‘arnot’s memoirs are the foundation of thermodynamics 

an essentially mathematical science which we must avoid 
here. Let us go back to the end of the eighteenth century 
and attack the problem of making thermometers that agree 
with one another; and in that way we shall see how it came 
about that the invention of the steam engine, and the de- 
mands by “sordid tradesmen” that it be made more and 
more efficient, gave the greatest impetus of all time to tem- 
perature measurement. 
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Let us take a number of substances—some which |] 
heit, Celsius, Wedgwood and other thermometer mak: 
ommend as good substances to work with, and so) 
stances which they have not tried. Next we take an 
tory of the precision instruments at our disposal: ba 
manometers, chronometers, etc., so that we can ace 
measure the effects of temperature on these solids, 
and gases. Then we proceed to make exact measuremy 
these substances at the ice point, and other exact m« 
ments with these substances at the steam point. 

It doesn’t matter what yardsticks we use except t] 
same yardstick must be used for the ice-point measur 
and for the steam-point measurement of the same effi 
the same substance. For example, one experiment gi) 

a reading of 24.7 at the ice-point and a reading of 2¢ 
the steam-point, every time it is performed. This subst 
and its effect, then, may constitute a thermometer. 0; 
blackboard we draw two vertical lines separated by a 
venient distance—representing the temperature int: 
between the ice-point and the steam-point. We grad 
each line in convenient units. On these two lines we 1 
the points a a and through them we draw the line A 
extend this line on both sides—on the colder side at the 
and on the hotter side at the right. This is a scale of t 
perature, as legitimate as any to the best of the knowl 
we gained from experiment A. 

We then have a flock of careful observers make a flock 
experiments in the same manner on a flock of other 
stances; and we get something like the blackboard diagra 
but with a far greater number of connecting lines and « 
tended lines, because we are making a whole flock of expe 
ments—not merely nine as plotted on the blackboard. 

Our observers, by the way, have reduced to one line 
the blackboard each series of experiments giving conco1 
ant results for a number of substances. Most important 
line G for it applies to all substances. Yes, all substance: 
they report, weigh the same at the ice-point and at t 
steam-point. That’s a negative discovery, so to speak, but 
conclusive one, proving that caloric (our eighteenth-centu: 
name for heat) neither gravitates nor levitates. We hav 
proved that caloric is an imponderable as well as invisil 
fluid. We would laugh scornfully if someone said that may 
be in the twentieth century a scientist might theorize, amon; 
other things, that a body weighs a wee bit more when it’ 
hot than when it’s cold, and that the proof of his theory 
would have something to do with the orbit of Mercury wit! 
a capital M. 

Even as simplified, the situation looks rather confused 
except for the clue that gas volume and pressure expe! 
ments seem to hit the same spot on the base line—a point 
about 2.7 times the “‘distance” between the ice-point experi 
ments and the steam-point experiments with gases. So r 
port Lambert and other observers now at work (in thé 
1780’s). Amontons must have been a pretty good guess‘ 
’way back in 1702! 

We can’t be too sure, though, because the points « 
though identified only by the one letter EF, represent a great 
number of experiments pertaining to cooling rates, vise 
ities and other measurable effects; and when observers | 
made extra measurements with thermometers PB, D)) and 
at a temperature about half way between ice and stea 
they had said that this line F, in comparison with thi 
others, should not be straight: it should shoot up more a! 
more rapidly as the temperature increases. 

Which is the preferable substance? 

Carnot answered “There is no such thing!” He defin 
however, the ideal working substance of the perfect he 
engine, by defining a “reversible thermodynamic engine.” 
is no news to you that the only perfect “things” in Natu 
are those which are the concepts of bold yet precise ima; 
nations. They are the mathematical realities which 1 
only make exact measurements possible, but make pred 
tions possible. For example, the jelly-like “ether” of Ma 
We. MOo Ulliy Ciasuuica e.eccricity when Edison, Steinmé 
and Westinghouse were young experimenters, but it pr 
dicted the waves of wireless telegraphy and radio. Carnot 
achievement shines even brighter when we remember th: 
he worked under a handicap: according to prominent sci¢ 
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tists of his day, heat was not energy but the invisible im- 
ponderable fluid named caloric. That handicap was _ not 
finally removed from Nature’s guessing game until after 
Carnot’s death. 

Carnot’s efficient heat engine is important to us because 
its efficiency depends on the temperatures between which it 
works. He used it to prove his famous Principle, that the 
mechanical power obtainable from heat is independent of 
the agencies employed to realize it: this efficiency depends 
exactly on the temperature of bodies (cvlinder walls, con- 
lenser tubes, ete., and the “working substance”) between 
which there is a transfer of heat. As Clausius later put it: 
‘The performance of work is equivalent to a transfer of 
heat from a hot to a cold body without the quantity of heat 
being thereby diminished.” There you have it! If there is 
both mechanical and thermal equilibrium between the 
working substance and actual material surfaces at every 
stage of the cycle, the heat engine will be perfectly rever- 
sible. Thermal equilibrium? That means no temperature 
lifference! To make a long story short, Carnot’s mathemati- 
cal description contained a “function” (never mind what 
that is) which remained constant, and was the same for all 
substances at the same temperature, thereby tending to 
show that the caloric theory was all cock-eyed. Carnot him- 
self was so modest that he merely wrote ‘Many experi- 
nental facts appear inexplicable in the present state of the 
theory .’ Well, there was a hullabaloo, and even today 
Carnot’s Function finds a prominent place in books on heat 
engineering. Today we know that heat is energy and that 
this function serves to define what temperature is—although 
this exact definition of temperature formulated 
until thirty years after 1824! 


was not 


(nother coincidence: Carnot published The Motive Power 
f Fire in 1824. That same year William Thomson was born 
n Seotland. At the age of 24, young Bill Thomson took 
old of Carnot’s ideal substance and gave us the 
hich all the world’s temperature instruments are cali- 
ated against, through the National Bureau of Standards 
nd the similar national institutions, and down to us by 
vay of the instrument companies’ laboratories. You know 
hy it is known as the Kelvin Scale: Bill soon became Sir 
Villiam Thomson and then Lord Kelvin. 

Like many sublime achievements of genius, Kelvin’s rigor- 
is definition of what temperature is can be understood by 
ny boy in Junior High—even by a bright boy in the 
rades. What he did, in effect, was to take the schoolboy 
lefinition, “‘Temperature is the degree of sensible heat of a 
dy,” and put it into Carnot’s thermodynamic terms. Kel- 
in defined the ideal thermodynamic scale of temperature 


seale 





Yeasts /CE Point 


~vo 


/’ cZero Line 


i<——— |. 





ary 


{ Corresponding 
at the Measurements 


39 __ at the 
JE” STEAM Point 


<a 


Measurements 


Fundamental / 
Interval 


as such “that the absolute values of two temperatures aré 
to one another in the proportion of the heat taken in (Q») 
to the heat rejected (Q;) in a reversible thermodynamic 
engine working with a source and refrigerator at the highe 
(T,) and lower (T2) of the temperatures, respectively 

Do you recognize the schoolboy definition in Kelvi 
of Carnot’s terminology? It is there. For “sensible heat” in 
the schoolboy definition (which implies properties of 
stances) Kelvin substituted the available that 
do work in power plants, in the chemical industries, in the 
blast furnace and in the kitchen refrigerator. While he did 
not use these words, they are obvious to modern readers, 
and we sometimes speak of Kelvin’s “energy definition” of 
temperature. 

But that energy definition was only half of what 
done by the young physicist. He took the vague first part 
of the schoolboy definition, 
instead a of availability of heat energy in an 
“body,” thereby giving us the first scientific standard fon 
the measurement of temperature—The Absolute Scale of 
Temperature. 

Speaking of science, we must be exact. Kelvin’s definitior 


i's use 





sub 


energy can 


Was 


“the degree of,” and proposed 


seale ideal 


was in a way too independent of properties of matter. His 
scale could only be seen with the eyes of reason. It was not 
until 1854 that he defined the temperature (the 
capital T or K of calculations) as proportional to the re 
ciprocal of Carnot’s function, and that he began with Joule 
the porous plug experiments which allowed him to announces 


absolute 


in 1862 the practical application of the absolute scale ir 
the making of tangible thermometers with visible scales 

men—and many othe 
what is known as the realization of scales 
pendent of matter. 
body,” an ideal gas thermometer could not be built, but the 


These two workers—had begur 


properties of There 


absolute gas scale was defined and its realization begun. 
The deviations of actual gases from the laws could be and 
were determined, and actual gas thermometers could be and 
were built, and their readings corrected to give values that 
were unquestionable. 

It is plain to see the importance of ‘ideal’ scales inde 
pendent of properties of matter and based on The Absolute 
Seale of Temperature. We use thermometers when we want 


to know “what the temperature is.’”’ These thermometers are 
calibrated by reference to fixed points. There is a zero, of 
course, the absolute zero, but it is as impossible of attal 

We must use 


“easy” fixed points 


ment as perpetual motion. 


*This flat statement is allowed to stand word f v 
first edition (1930) although we take back our old footnote elab 
ration concluding with the statement that “To deprive a body er 
tirely of heat is impossible It seems that such a fine distinctior 
is imposed by newer implicit definitions of heat and te pe 








But to measure these fixed points we must use thermome 
perfect thermometer. But 
unknown 


ters. But we cannot construct a 
e need properly scaled thermometers to measure 
round it 


round without a solution unless we 


temperatures. Round goes—or it would go 


j 


ound and 


ana ; 


had a stand 


j f 


ard of measurement for comparison. 

Together with the gas laws, Kelvin’s thermodynamic scale 
provided one such standard, as we have seen. And the gas 
thermometer, made to definite specifications, was the tang 
je representation of it. 

Gas thermometers could not be used successfull) at tem 
eratures Injurious to their physical parts, and therefore 
tne iws and effects had to be selected to produce new 
cales « esponding to the thermodynamic scale and there 
fore to the absolute scale of temperature 

At this stage of our excursion we eave our hero, Kelvin, 
ind meet Josef Stefan and Ludwig Boltzmann’ whose 
ichievement, said to be as magnificent as Kelvin’s, is neve} 


theless more easily understood. 


measure temperature with a thermometer in the usual 


the sensitive part of the instrument must have come 

to thermal equilibrium with the ‘tbody’—or in reality with 
ne aterial tance. There must be contact, and heat 
ist flow one way or the other by conduction or convection 
nt equilibrium is established. To break the shackles with 
ch imperfect actual substances fetter us, Kelvin defined 
the ideal thermodynamic scale in terms of Carnot’s thermo 


venture to call it) a 


namic body. This was (or we may 
ideal body. But equilibrium may also 
be brought about by Must there be contact in or 
der to perform an accurate measurement? 

History The first piece of detective work 


as done 


Jos pt . . 
nduclhion-convectio? 


radiation. 


repeated itself: 
when Balfout 
Gustav Robert Kirchhoff defined, the 
the “black body”—by proving that radiation as 


LPRDS Stewart proposed, and in 


when radiation 


LRoo 
deal body 
a function of temperature is independent of its source. And 
up rose the cry, Can we use the Kirchhoff black body in 
me temperature “effect”? Has it a temperature property”? 
Yes, said Stefan in the radiation between two black 
varies as the difference of the fourth powers of their 
radiation between a black body 


1879, 
Oirie 
absolute temperatures. The 
and a black “radiometer” at a tempera 


Ty +). No conduction here, as 


at a temperature T 


ture 7) is proportional to (T! 
there was in Carnot’s cycle with its two reservoirs. Fan 
enough. But where is the proof? How about measuring high 


temperatures? Can we define a new scale without abandon- 


Carnot-Kelvin capital 7 


ing the : 
Yes, said Boltzmann in 1884. Correspondence of scales can 
the “working sub- 


be proved by substituting radiation fon 


stance” in the Carnot cycle. Radiation energy at any tem 
perature, within or above the accepted gas scale, per unit 
volume, is proportional to T+. 

Stefan discovered the law; Boltzmann proved it. It there 
Stefan-Boltzmann Law and is the 
The electrical-instru 
can be calibrated in 


known as the 


Tore is 


foundation of radiation pyrometry. 


ment scales of radiation pyrometers 
degrees up to temperatures that vaporize the most expensive 
refractories. 

How is it that scales of 
tion pyrometers can be Let’s 
little side trip—a brief one over familiar ground. Again we 
start with the 18th just about the time that 
Wedgwood putting in his “plant depart- 
ment.”’ It 1780 that 


noticed a strange 


the electrical-instrument radia 


made to correspond? take a 
century 
was instrument 
a student of frog’s nerves and 
phenomenon—the first of many 


Was 1n 


muscles 


galvanic phenomena, thus named because the student was 
Luigi Galvani. We can skip to the twenties of the 19th 
century (the time of Carnot’s studies) when a number of 
scientists were experimenting with galvanic and voltaic ap 
paratus—coils and wires of various metals, magnetized 


needles, coils made into magnets, etc. It was inevitable that 
ie effect of thin wire 
detected, around the 1820’s and also the flow of 
circuit consisting of two different metals with 
different 
mometers with calibrated instruments did not appear until 
became practical 

although 


temperature on the resistance of a 


ould be 
current ina 


their junctions at Resistance ther 


temperatures. 


electrical instruments devices, between 


1870 and 1890. Likewise, Seebeck discovered the 
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thermoelectric effect in 1822 and Becquerel in 182; 
the first thermocouples for measuring temperatu: 
development of practical thermoelectric pyrometers 
await the manufacture of electrical instruments. 
Electrical methods, employing resistance effects a) 
effects, practical importa 
industries fo. First, of course, the refi: 
of instruments, the standardization of materials, and 


moelectric soon grew 1n 


two reasons: 


Second—more important from the point of view 
excursion—their scales could be calibrated by refere 
the Carnot-Kelvin ideal seale. Therefore, because rac 


resistance coils and thermo 
made to conform to the Stefar 


Now 


py rometers embodied 


the 


seales could be 


mann radiation scale back to the main 


our excursion. 


“radiation” were considering’ \ 


course, radiation between two Kirchhoff 


bodies. 
But, from ancient times, common experience had dis 


l 


an altogether different effect of great intensities of heat 


visible effect. From ancient times blacksmiths and s 
makers had observed that the hotter a piece of metal, 
brighter it glowed. ‘*‘Red hot” and ‘white hot” als 


veyed fairly definite ideas whereby masters taught 
apprentices. More modern measurements by various met 
half a resulted in useful 


what the printed instructions called ‘intense white.” | 


century color charts u 


ago 


not a “brightness” scale be proposed, it was asked i1 
nineties, so that brightness pyrometers could be construct 
with scales agreeing with the new radiation seale and he 
with the extended standard gas sé¢ale? Furthermore, 
the Stefan relation bety 


temperature reference to color 


Soltzmann Law expresses the 
and radiation without 
wave-length of the radiation, could not 
relation between wave-lengt! 


“change of co 
with temperature, or the 
temperature, be also expressed as a law? 

Not one question, this time, but two. 

We can start from an easily remembered date. It was 
1800 that Sir William Herschel used a prism and a sensit 
thermometer, and discovered that the thermometer not 01 
read higher at the red end of the spectrum of sunlight, 
that it highest far away from the 
beautiful spectrum, well into the region where his sheet 
white paper was in total darkness. 

Then, just about a hundred years ago, Nieéphore Niep« 
and Louis Daguerre started what has led to that hobby 
minicams and amateur The early photographe 
soon discovered that the red end of the spectrum did litt 
to the emulsion, the blue region did most of the work; thi 
violet end which is so difficult to perceive by eye work: 
strongly on the photographic plate; and the 
ultraviolet rays, for a short distance at least, likewise p« 
formed the same trick with the silver salts in the emulsior 
Thus a baby named spectroscopy was born to papa prisn 
and mamma photography—or the other way around if j 
want. That blessed event occurred around the middle of t 
19th century. 

Telescopes made available those inimitable high-temp« 
ture sources, the blue stars. 

And now began a long series of investigations, by det 
numerous for any single excursion-conducto! 
remember, which disclosed a number of amazing facts. 

The radiation from any material body is not evenly d 
tributed among the various wave-lengths but it is alwa 
shaped like a hill. At the ends of the two slopes of this | 
the rays are extremely feeble, dwindling down to zero « 
vation almost imperceptibly. 

The radiation emitted by 
spectrum. The hill is not interrupted by vertical cuts as 
is sent out. However, a material medium cuts off some 
the wave-lengths, sometimes sharply and sometimes gra‘ 
ally. Thus, a piece of red glass is one that has a hill of 
own. The peak of this hill is called the effective wave-lengt 

Likewise, a material substance which is not a black bo 
broadcasts over a set of frequencies which vary in patte 
relative intensities. 


(Continued on page 2 


read red edge of t 
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Classifications of Temperature Instruments 
Can Serve as Practical Tools 


By M. F. 


subject may be introduced by quoting C. O. Fait 
co-author of the famous book Pyrometric Practice is 
yy the National Bureau of Standards in 1920: He 


to point a moral by mentioning that before electric 


vas installed at the Bureau, any clock appreciably af 
| by temperature changes provoked the remark: ‘That 
s a good thermometer!” 

noint of fact, a temperature-sensitive timepiece is one 
if classifiable temperature instrument. The thermo 

¢ property involved is the temperature 


I). Frost, former Director of Yerkes : 
te in 1931 that by counting the number of times a 
eket chirps per minute and applying a simple formula, 

obtains the air temperature in Fahrenheit. 
is, the normal specimen of a saltatorial gryllid orthop 
ous insect (or perhaps only Gryllus domesticus Illinoisi 

) is a kind of temperature instrument. So are the othe 
rping insects. So are all insects. (So are swarms of in 
; the number of bees flying out of a hive per minute 
wears a pretty accurate relation to temperature.) So are all 

d-blooded species; their blood temperature being that of 
heir surroundings, their heart-beat rate and other organic 
rates are all functions of ambient temperature. The thermo- 
metric property in all these biological cases is always the 
mperature coefficient of rate—just as in the first example! 

Crystal oscillators monitoring radio transmitter frequen- 
‘ies are kept in carefully thermostated enclosures because 
f their high temperature coefficient of natural rate. To call 
hese crystals “good thermometers” would not be funny: it 
ould be the simple truth. Similar crystals are used for 
temperature measurements, the attainable accuracy being 
commensurate with the extreme precision of modern fre- 
juency-metering equipments. 

Horologists and others with a practical, occupational or 
financial interest in time measurements would perhaps in 
sist that a classification of temperature measuring instru- 
ments should recognize the above-mentioned thermometric 
instruments (and “instruments”) as one distinct 
characterized by the temperature coefficient of rate. 

They would be justified. Classifications of measuring de- 
vices prepared for reference use by practical men in in- 
dustry must bring out (or at least suggest) the 
ways in which practical problems may be solved. Appren- 
tices studying such lists in evening courses or in their spare 
time must have their thirst for knowledge satisfied. So 
must the students regularly enrolled in engineering schools 
with formal courses. Each occupational group in a plant in- 
strument department must likewise be considered. 

It is impracticable to satisfy all groups by preparing a 
hundred complete lists of instruments, each arranged in 
such a way as to bring out the information of specific value 
to one group. 


Observatory 


de grees 


ects 


class, 


various 


As a compromise, a number of brief classifications are 
given below, each representing a distinct point of view. 
There will also be given fairly comprehensive classifications. 
So great is the number of different varieties of temperature 
nstruments that it becomes necessary to group varieties 
nto types, types into classes, and classes into broad divi- 
sions. Any list of broad divisions, however, may be made 
‘complete. Thus we have the following examples: 


(A) (B) 
l. “Scientific” Ll. “Laboratory 
2. “Industrial” 2. “Plant 
3. “Domestic 3. “Field 
1. “Universal” 1. “Universal 
£<52 (1D) 
1. Contact 1. Local 
2. Distance 2. Telemetering 


coefficient of 


BEHAR 


lt tir | 
Maxi | 
t I 
( nt 1 i ’ } 
( rit | ! ti 
( R 
Sir 
Another way to classify temperature instrument 


quantitatively graded categories, 


tervals 


defined by arbitra 


like size classifications, weight classifications, ete 


Such categories, in their ideal forms, have methematica 
differentials for their dividing lines. Their logical use 3 a 
supplemental references. Examples 
(T) 
| it f ) 
ns ! f $99 
i Ab t 1 \l <1 $49 
} ti “Sj | S50 T < 9°49 
lefir £1 


All of the above are 
them in 


Simple and obvious, Dut combining 


various ways is a good classroom exercise in i 


strumentation courses—as well as a means of making dec 
sions in the plant. Note that only a few combinations art 
possible. However, the combination of types 
more different lists 


chapter. In particular, classification 


from two o1 


should be earried out throughout this 


(F) should be placed 
opposite several which appear below. Busy purchasing e1 
gineers will actually find such 
tool. All readers should bear in mind that ! 
temperature instruments are usually made up of standard 
ized components, some of are 
ments for measuring and controlling othe 
temperature. 

Thus, the part of a “gas-filled type 
mometer” which is installed on a panel board is essential] 


“exercises a time 


many industria 


which embodied in instru 


conditions thar 


recording thet 


a “recording pressure gage.’ A man who services such re¢ 
cording thermometers in a plant has to think of them (at 
least part of the time) as pressure-measuring devices. This 
is true of the men who have designed, sold, purchased and 
installed Nearly all 
ments thus “belong” in several classifications. To look at a 
self-balancing electrical 
tell (unless you read the name-plate or the printing on the 
chart) whether it is connected to a hydrogen-ion concentra 


these recorders. panel-board instru 


recording instrument, you cannot 


tion cell, to a radiation-receiver tube, to a resistance coil o 
to a gas-analysis cell. It might be recording the frequency 
of an alternator in a hydroelectric plant two hundred miles 
away. 

bridge is an intricate 


A self-balancing potentiometer or 


electro-mechanical assembly, requiring expert workmanship. 
It has been designed and built by specialists whose thoroug] 
and long experience need not have included the 
ment of pH, or of frequency, or of temperature, or of 
mixtures. In industries 
the maintenance men who take care of them have to thin 
of them (at least part of the time) as electro-mechanica 
types of 
which they 


measure 
vas 
such instruments are 


where used, 


regardless of the thermocouples Or 


chemical analysis cells t 
However, the maintenance man in an plant 
and in general the user of temperature instruments—or an) 
student of temperature instrumentation 
type thermometers, 
type radiation pyrometers, as both belonging under Tem 
perature but as being distinguished by their respective pri 


assemblies 
are connected 


industrial 


should think o 


gas-filled recording and of recording 


ciples of temperature measurement. Likewise, to the readet 
of this book the differences between two 
corders of the same design, make, ete.—one 


the othe. 


temperature re 
connected to a 
radiation receiver and connected to a resistances 
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CO are 


more important than their similarity at their re 
pective panel-board ends (where the two recording instru- 
ments are much more nearly alike than two peas in a pod). 


4 chart boy who intends to “join the cops” when he grows 
and the only difference he knows 
16 in Mr. White’s department” has 
kind of non-clogging pen; another chart boy, ambi- 
tious to succeed “Mr. White,” is what's back-oft 


{ already 


ip thinks they are alike; 


rtly is that “numbe) 


eX 
\} 


tudying 


} and he knows why the boss classifies 


these recorders into distinct categories. 
Standardization and interchangeability create interesting 
fields; but in temperature 


measurement these possibilities are probably the most fas- 


technical 


possibilities in al 
cinating as well as the 
Thus, if 
a temperature instrument system, we start from the pri 


most fruitful of practical results. 


nstead of starting from the control-board end of 


ement end, possibilities are discovered which can 


Mmary-t 
help solve various practical problems. The radiation pyrom- 
eter furnishes an excellent example. A radiation pyrometer, 


n its simplest form, is an arrangement for focusing radi- 
ant energy upon a wafer-like disk, this disk being blackened 
n order that it should absorb nearly all radiant energy and 
From this point on, 
the radiation pyrometer will depend on 


vhat kind of a device may lurk beneath its blackened disk: 


reflect little. That is the essential part. 


the classification of 


IK) 
nti XI 1 i (b talli pl ii) 
! I I Wit 
\ Xpar nd i 
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t ior 1 ict 
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tt ti turbidity nange 
itt i pH change, 
litto a polarization effect, 
tt ic! tallization effect 
nad oO or fie lays theory is tomorrow's practice!) 


Automatic controllers are universally classified, among 
other ways, into: (1) self-operating; (2) relay types which 
can be used where a suitable source of auxiliary power is 
available. Among these sources are 


and some forms of power are utilized in the operation of 
relay type recorders as well as relay type controllers. In re- 
cent years there has been a great increase in relay type in- 
struments, making necessary a classification of pilot devices. 
Again from the element, but with the 
understanding that this primary element itself performs a 
measuring 


iayvs 


Starting primary 


function, we give a classification of primary re¢ 
the classes to choose from in considering how a given 
“drag,” 


eration of the power-driven elements: 


measuring element may, without command the op 


(M) 
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‘ t t f t ial ] 7 y 
} nt ! nt | lit betwee! 
} ! pow i t the tior iIndirectional 
~ ! } 1 vst Dp t I } 
K-in.) S } I 
| b t! ! i! lke’ ¢ 
\ Ye) Ne | ' =T h¢ pr 
I i ! ! Most ntior 
{ | t peratir bl et 
} I for t t tion that I 
t | W pr Su I nt ’ 
wit ! my re ! t 
H u ill Ster wi ? I 
} ’ , tir Oi] Si st fre 
I t I t r I bilit f | 
I n-} pow I e th } t hy e | " 
< t ’ t } t ! ! Lr Ze if t! newe 
| I 1 1 t the I te t pipe ? 
! \ Ss ty} f ements, clutel 
t eg t I f s t perating ere ry 
witk tr nt tri t chart di ‘ 
et 


INSTRUMENTS 
Vol, 13 








ind-oft 
ittached to the pe 


{. Klectrical. Majority ine on 
plest ire contacts directly 
: contact, high-low, and 
true electromagnetic 

high 
step-by tep, 
The effect of a continuous 


three-position. Next 


irrangements actuating power 
ratings (great 
others 
Varlation Is 


with relatively Variety of 


oe r) Some 


continuously -\ 
obtained by 


tor nd other circuit-interrupting devices whereb 
closed-circuit time in each ecvecle is function of the 
tion of the pointer. Inverse-time relays may have | 
up to five minutes, down to 1/120 second 
High-frequency Electrical. This class utilize 


properties of a-« networks. Outstanding characterist 
the possibility of eliminating drag by doing away wit} 
Pointer plate 
triable capacitor, or as the control element in an ir 
action is effected without 


valves serves as one 


tive coupling, et« Or, relay 


nechanical motion at all: used in conjunction with 

ic measuring systems in which the measured tempe1 
is translated into a proportional electrical magnit 
Which need not itself be an a-c. effect. (Relay syster 


this class are erroneously called “electronic in most 
logs. ) 

6. Electronic. In this class the proper is an 
tron tube, directly actuated by or fed from the mea 
lement system. Principal characteristic is suitabilit 
for ictuation by 


relay 


static measuring elements. Converse] 


wdinary pointer-and-scale type of measuring element 
be equipped with an electronic relay and no ordinary t 
of electron tube can serve 
i mechanical-displacement type of measuring element 


is a relay in conjunction w 


7. Photoelectri This class comprises both phototut 
ind photocells. The former should not be lumped toget! 
with the electronic relays. For our purpose the only 


terion is that electronic relays respond to purely electri 
effects and have purely electrical Outputs ; whereas phot 
electric those which respond to light ar 
electrical outputs 


relays are all 
nave 


The point of view of a particular industry attaches 
portance to specific functions. In the ceramic industry, { 
example, the fact that pyrometric cones satisfy requi: 
ments is more important than the fact that they have 
pointers and scales. The specific fact that a cone slumps 
its end point, however, suggests two more ways of clas 
fying temperature instruments: 


(N) (QO) 
1. Continuous scale the 1. Measures once and 
usual forn discarded 
Discontinuous scale 2. Measures intermittent 


consisting of a series lv (max. & min., et 

of units 3. Measures continuousl) 
Still another classification—the most important funda 
mental classification of all—is suggested not only by th 


slumping action of fusion cones but by a consideration 
all utilizable effects of all temperature properties of 
substances. 

The whole practice of temperature measurement is four 
ed on the “fixed points” and the international standard 
defined by a scale with a fundamental interval of 100 d 
grees between the ice point and the steam point. It alway) 
is because of a discontinuous effect of heating or cooling 
substance when it undergoes a change of state that tl 
substance has temperatures of equilibrium. Such effects a 
always reversible; and the combination makes possible t! 
use of these fixed points. Therefore the basic methods 
those which utilize effects. 1 
great majority of methods used in practice, of course, a 
based on continuous reversible effects. A pyrometric cone 


discontinuous reve rsible 


an example of a discontinuous irreve rsible effect. 

This classification of instruments by the utilized effect 
being the most important of all, it has been attempted 
the first time—and carried out through all of the divisi 
most of the some of the types and 
varieties. See Table I: although it is far from complete 
detail, its framework of mutually-exclusive categories 
believed to be a collectively-exhaustive list. 

Men in charge of the calibrating sections in plant 
strument departments are chiefly interested in classifi 
tions of methods. For their use (and that of educators, a 
vanced students, instrument engineers, etc.), three poss 
classifications of fundamental methods of measurement 


classes, even a fe 


given: 


(FP) (Q) (R) 
1. Direct 1. Positive 1. Null 
Indirect 2 


Inferential 2. Deflection 














traditional classifications are largely based on defi- 


Table II* follows traditional lines except in distin- 
ng between visual and automatic ‘optical’ pyrome- 
It purposely omits a great number of varieties (and 
‘types”) of no readily-apparent commercialization 
jilities, or of slight industrial interest. 

owing are a few definitions, ‘“‘as presented by the 
trial Group of the Association of Scientific Apparatus 


if 


i slight revision of Table IT in the first (1932) edition of 





TABLE I 
ASSIFICATION OF TEMPERATURE INSTRU 
MENTS BY THE MEASUREMENT 
METHODS EMPLOYED 


I. Methods Utilizing Discontinuous Reversible Effects 


reezing point. 


Boiling point. : ip este s . 
Folubility. eet, hie ete Interna 


Surrace color. 
(thermoscopic paints, ete.) 


II. Methods Employing Continuous Effects 
Properties of bodies. 


a. Thermal expansion, expansivity, expansibility. 


Makers, after discussion with the Bureau of Standards 


] 


; some of which have been obsolescent for several and other authorities” 


1 The nomete \ device for means ng tempe 1 
2. Puromete \ device for easuring high t | 
tures. The term is ipplic t those le t prir 


use of which is for measuring temper 


heat (about 500°C r 932°R) 

Resistance The ete \ ther? ter w 
cates temperature by mear f the change wit 
ture of electrical resistances f one of its 4 
pyrometer when used at high temperatur 
or 932°F.), and it ich case is preferably 


pyvromete! 


1, Radiation Puyuromete \ pyromete wl 
temperature by means of the change with temper 
the heat rad ted by i hot body As nearly l ! 
total heat radiated i 1 { 1 \ ul 

neasured by thermocouple 

Optical Puromete \ pvromete “ ‘ t 

temperature by means f the change w 
the light « itted by hot bod As nearly | b x) 
fa single ce r (wave length) lir 

6. The iocouple \ pair f electrical cor 
joined as to produce thermal e.m.f. when the net 

it different temperatures. It cor t f nduct f dif 
ferent material permanentl ned t ne eT 


ends being free to connect t n instrument 


ing e.m.l 


i. Thermoelectric Puromete \ pv eter wl 
cates temperature by meat f thie hange witt 
ture of the e.m.f. of ther? ouple. It 
of a thermocouple, millivoltmeter ol the 
measuring e.m.f.) and connecting leads Phe 
Instruments may be l ified as follows ! ] 
potentiometers ; their combination f. lifleation 





(1) of gases Instruments are classified by utilized co- 
(2) of liquids efficient (linear, cubical) ilso as cathe- 
(3) of solids tometric, extensometric, volumetric, et 


b. Viscosity, fluidity. 

c. Conductivity, resistivity (electrical). 
(1) of metals, of alloys 

(2) of other solids. 

(3) of electrolytes. 

(4) of ionized gases, ete. 

Inte. 


d. Refractivity. 


f. Magnetic susceptibility. 

g. Sound velocity. 

h. Dielectric power factor. 

i. Elasticity. 
Specific rotation. 

x. Color of transmitted light 

l. Color of reflected light 

Etc., etc., etc. 

2. Effects between bodies. 

a. Simple differentials of properties. 

(1) Expansivities. 


(c) Combinations of (a) and (b) 
(4) Methods utilizing the ratio of energy t two effective 
wave-lengths. (‘‘Two-color pyrometry.”) 


III. Methods Utilizing Irreversible Effects 
Fusion. 


a Color change ‘ 








e. Vapor pressure. 1: 


(a) Bimetallic. Ze 
ete. 
b. Effects at interfaces. 
(1) Solid vs. solid. Instruments classified also by utili- < 
(2) Solid vs. liquid. zation of effects, modes of conversion 
(3) Liquid vs. liquid. of energy, thermoelectricity, etc. 
c. Effects at a distance (“radiometry,” ‘“radiational py 
rometry,” “optical pyrometry’’). 
(1) Methods utilizing Stefan-Boltzmann fourth-power law 
(2) Methods utilizing displacement of maximum energy 
density. (Color temperatures, of stars, etc.) ., 
(3) Methods utilizing selected band or effective wave-lengtl 
(a) Measurement of the (a) Selection by filtration 
monochromatic energy is in use of red glass 
by visual matching. (b) Selection by spectral 
(b) Measurement by “‘ex- curve of receiver, as 
tinction” methods, in use of photocell 1. 
ete. ete. film emulsion, ete. 


(a), (b), ets Further subdivision into visual and aut 2 
metric; then by types of electrical ratio instruments, et 
(5) Spectroscopic spectrographic or spect 


IV. Combination and Miscellaneous Methods 4, 


TABLE II 
INDUSTRIAL CLASSIFICATION OF 
TEMPERATURE MEASURING 
INSTRUMENTS 
(Range limits in degrees Fahrenhe 
I. ‘““Thermometers”’ 
Liquid-in-glass (Visthle-column) 
a. Mercury—customary types (—40-950) 


(1) Industrial (complete protection) 
(2) Semi-industrial (incl. special-purps 


(3) Miscellaneous (pocket, wall, ete.) 
(4) Ktehed-sten (laboratory. “chemic 


(5) Enclosed-scale 
b. Mercury—special glass (—40-1200) 
c. Aleohol (—80-150) 
d. Toluol (—130-80) 
e. Pentane (—330-80) 
f. Gallium in quartz (90-1830) 
Solid expansion 
a. Metal and refractory (—100-1000) 
b. Bimetal (—100-800) 
Pressure- spring 
a. Mercury (-36-1000) 
b. *“*Xylene” (—40-750) 
ec. Vapor-pressure (—20-700) 
d. Gas (—230-1000) 
Electrical Resistance 
a. Platinum (—290-2000) 
b. Nickel, ete. (—290-450) 


II. ““Pyrometers” 
Thermoelectric 
a. Rare-metals (32-2550) 
b. Special alloys (—400-1800) 
e. C-SiC (300-3200) 
Total-radiation (950 up) 
a. “Hand” 
b. Autometric, autographic, ete 


Nelecti e-radiation (1206 ip) 


a. Visual 
1) Brightne t 


Spnect 


b. Autometric, autographic, ete. 


Fusion (1100 ‘ie ) 









1. Introductory Comparisons 
In special meets for expert riflemen the 
for measuring the actual distribution of shots on 


rules of one 


event call 
a blank target. No one ever makes a perfect score because 
bullets (after the first) 
the first bullet, without enlarg- 


means all 
made by 


perfection then passing 
ti roug! the hole 
ing it. 


Temperature measurement and control is not like that. 
In ordinary target practice a perfect score is credited to 


any rifleman who has not missed the bull’s eye. One man 
may have distributed his shots all over the black circle, 
another may have shot a pin-wheel group, but both men 
made a possible. 

Temperature measurement and control is like that. 


In target practice the size of the bull’s eye varies: it is 
half-dollar for a short indoor range, up to a 
cle at the 1000-yard range. 


the size of a 
three-foot ci 


In temperature measurement the size of the bull’s eye, 
likewise, is roughly proportional to the “distance’—in two 
ways: (1) Officially, the sizes are prescribed by the num- 
bers of significant figures in the regions of the Interna- 


tional Temperature Scale. Thus, anyone who measures the 
temperature of liquid steel to one degree gets a perfect 
the bull’s for that range is 1°C. 
(2) Practically, the sizes grow bigger as we measure the 
temperature of remote objects. Thus, anyone who measures 
the temperature of a single small gear blank, in the mid- 
dle of a batch going through a long continuous furnace, 
ought to be satisfied with a 5°F. bull’s eye, for the errors 


score because eye 


average that figure. 

In Instrumentation, the word error is used in two ways: 
One refers to errors of observation, for which the instru- 
The other 
examples “lead error” 


refers to causes of 
and ‘“‘tube 
When a measurement is not autographic, however, 


nent might not be blamed. 


Instrument inaccuracy; 
erro! ce 


there can be no sharp dividing line between the two mean- 


ngs: for example a parallax error is an error of observa- 
tion which usually occurs because the indicating element 


and the scale are imperfectly correlated. 

As a simply means the differ 
between the value indicated or recorded by an instru 
the short, it the /Nac 
curacy. Now we come to the word accuracy, and go on with 


rule, however, “‘the error” 
ence 
and “true value.” In 


ment means 


a formal treatment. 
2. Measuring Properties of Temperature Indicating 
Instruments 


Since thing as absolute ac 


measurement of 


lecuracy. there is no such 


the 
such as temperature, and since the function of a measuring 


curacy 1n instrumental magnitudes 


nstrument is to assign to a measured magnitude a numer- 
ical value, i.e 
that is the relation between the true value (of 
the magnitude) and the obtained value (of the quantity). 
The true value, of course, is a quantity obtained by means 
fa instrument which has been certified 
by means of more accurate” instruments defining the 


, a mathematically-usable quantity, it follows 
“accuracy” 


“more accurate” 
“still 
International Temperature Scale. 

Accuracy 
an instrument 


as defined in the foregoing is the accuracy of 
at only one point on its full scale, as deter- 
against a standard. It is termed the 
the important property known 


lecuracy, defined as the extent or closeness to 


mined by comparison 
Point lecuracy. It is not 
as Intrinsic 
which the readings (note the plural) of the instrument ap 
The adjective “intrinsic” is 
sarily used here to denote the accuracy of which the instru- 


proach the true values. neces- 


ment is capable, not its variable accuracy under unpredict 
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able service conditions. Intrinsic accuracy implies 
measuring properties, because its determination invol 
more or less complete calibration, in the course of 

it may be found that the error varies not only for diff Bt 
true values but for the true value 


measurements are made. 


same when succe 

Thus, the intrinsic accuracy of an instrument is thx 
sultant of its measuring properties. It usually is expre 
in terms of the limit of error, defined by the Scientific 
paratus Makers of America as “the maximum 
which the readings of an instrument will depart from ti 


erro? 


values.” This limit of error, in turn, may be expressed pt | 
three different ways: (1) its value at a given point, o1 
a given region of the scale; (2) its ratio to the true va 


above absolute zero; (3) its percentage of the scale rang 
This third way is preferable for the majority of industria ( 
temperature instruments with uniformly-graduated scale 


Precision is a term oftener applied to methods and co: 
ditions of measurement than to a measuring property and 
not to be confused with accuracy or with sensitivity. As 
measuring property, precision may be defined as that con [ 
bination of design factors of an instrument which makes 
applicable to fine measurements. The degree of precisio: 
is a measuring property. It is usually determinable by vis 
ual examination. Therein precision usually differs from a 
curacy and sensitivity which must be tested for. Precisior 
is a comparative term, akin to ‘refinement.’ No shar; 
boundary line separates ‘instruments of precision” fron 
other measuring instruments. Relatively speaking, we maj 
say that a precision instrument is one that has a long scal 
for a short range. 


Sensitivity. This important property is broadly defined 
as the response of an instrument to changes in temperatur‘¢ 
The intrinsic sensitivity of an instrument (with which we 
are dealing) is not to be confused with its sensitivity unde 
conditions of use that can readily be controlled by the use) 

The sensitivity of any temperature measuring instrument 
is the of its indicating element to changes in thi 
temperature it is measuring. (Response to other tempera 
tures is something else!) 

The sensitivity of an industrial temperature indicating 
instrument is the readily observable displacement of its i 
dicating element caused by changes in the measured ten 


response 


perature. 

Unit Sensitivity is the value in degrees and decimal frac 
tions (generally C.) which will cause a change of (1) on 
milliradian or (2) one scale division or (3) one millimeter, 
on the scale of the instrument—depending on the fiel 
measurement concerned. 

Ultimate Sensitivity is the value of the change in th 
measured temperature which will cause effective motion 
the indicating element of the instrument. 

Note in the definitions: “which will cause” displacement 
of the indicating element. Sensitivity is a property that 
only shows up in the actual performance of an instrument 

The measuring property which corresponds to unit sens 
tivity but which can be determined by visual examination, 
As to ultimate sensitivity, it has 
no analogous passive measuring property. 

Sensitivity is impaired by “sticking” but not by true lag 
It is impaired by frictional damping but not by molecula 
damping or viscous damping. 

Ultimate sensitivity usually varies slightly from point 
point throughout the range of an instrument with a un 
form scale; it varies considerably throughout the range « 
any instrument with a non-uniform scale. 

There can be no accuracy without sensitivity but the tw 
should not be confused. It is common to speak of a resist 


¢ 


is the de gree of pre cision. 
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ance thermometer, for instance, as “sensitive to 0.01°F.” 
This is a correct expression of its sensitivity, implying that 
such a thermometer, if it be properly calibrated and if it 
be free from lost motion, etc., can be “accurate to plus or 
minus 0.01°F.” If sticking should develop, so that the ulti- 
mate sensitivity will be 1°F., the thermometer could not pos- 
sibly be accurate to a fraction of 1°F. On the other hand, 
an instrument may be extremely sensitive and yet be inac- 
curate. Examples, a bent pointer, a scale replaced in wrong 
position after being removed for cleaning, a change in the 
circuit resistance of an electrical deflection instrument, a 
weakened spring, etc. The most sensitive widely-used in- 
strument is the galvanometer; and laboratory workers are 
in position to tell their industrial colleagues that ultra- 
high-sensitivity galvanometers generally suffer from zero 
drift, periods longer than 10 seconds, and other troubles. 

Scale Law. This fundamental measuring property, in- 
fluencing other measuring properties in the various regions 
of an instrument’s range, is broadly defined as the manner 
in which the length of one scale division, always represent- 
ing the same increment, varies along the scale. This law 
depends upon (1) the accepted mathematical law express- 
ing the utilized effect; (2) the manner in which the inten- 
sity of the utilized effect varies, and with it of course the 
actual driving force tending to displace the indicating ele- 
ment; (3) the manner in which the direction and intensity 
of the restoring force vary at the same time; (4) the re- 
sultant of other geometrical and physical factors peculiar 
to the design and construction of the measuring system. 

Readability. This is a combination of (1) general factors 
such as size of instrument; length of scale; length, width, 
and sharpness of scale divisions; size and legibility of grad- 
uation figures; visibility of indicating element; absence of 
eye-confusing markings or reflections, ete., and (2) specific 
factors such as minimization of parallax effect in certain 
forms of indicators. Readability is not only a useful general 
characteristic but a most important measuring property of 
an industrial instrument. 

A study of Fig. 1 will bring out clear concepts of passive 
measuring properties such as “Unit Sensitivity” and “De- 
gree of Precision.” Portions of the scales of eight total- 
immersion chemical thermometers* are shown in their ac- 
tual size. In each case, only the portion from 100 to 200° is 
shown. 


to 


J. Tagliabue Mfg. Co 
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Fig. 1. prising two thermometers of the same range and otherwise 


thermometer is 12” long and 
long overall. 


therefore, as if it showed the 


alike except that the upper 

the lower thermometer 15” 
This drawing can be used, 

scales of eight measuring instruments of any class or form, 


all scaled from “100” to “200” and differing only in scale 
length and in the consequent necessity for dividing the 
shorter scales into 2° graduations while 1° divisions are 
used on the longer scales. 

Note that in each of the four pairs, the longer instru 
ment possesses a greater degree of precision. This is espe 


cially noticeable in pair “‘C,”’ where the 12” thermometer is 
graduated in two-degree divisions and the 15” instrument in 
single degrees. The length of the 100° interval of the latter 
s 49% greater than the length of the 100° interval of the 
former, but since it is divided in degrees it can conveniently 


be read to half-degrees whereas No. 51216 can only be read 
conveniently to degrees. 
Compare also the four 12” thermometers with one anothe 


and then do the same for the four 15” thermometers: As 
the range of an instrument is increased without increasing 
its size, its degree of precision diminishes in proportion. 
The ranges cover respectively: (A) 190, (B) 270, (C) 370 
and (1D) 670 degrees. Note the approximate equality of the 


100° seale portion of the following: 
12” thermometer with 190° seale and 1 thermometer 
with 270° seale, 
12” thermometer with 270° scale and 15” thermometer 
with 370° scale, 
12” thermometer with 370 scale ind 1 thermometet! 
with 670° scale 
Fig. 2 brings out the passive properties just discussed, 
and “Readability.” It represents portions of two dial form 
instruments of identical size and range (which might be 


an imported aneroid barometer at the left and a made-i1 
U.S.A. power-plant barometer at the right). This slide al 
ways provokes interesting discussions. The imported instru 
ment would seem to be “more accurate” but only 
test of the active property known as 
close the answer. However, the test 
such that the imported instrument would not be 
unless its errors were commensurate with its degree of pre 


an actual 
would dis 


should be 


accuracy 
conditions 


graded “A” 


cision. 

Sticking is the term which denotes that the 
ment does not move without an appreciable change in the 
utilized effect. This term may also be used to designate the 
amount of effect required to cause motion of the indicating 
element, in which case it is expressed as ultimate 
ity. 


indicating ele 


SensItly 
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s a term denoting slowness of response of the indi 
without the indi 
is relative; a slug- 


implying, however, that 


The “ 


cating element, 


mecnanism Sticks. slowness” 


sh oscillograph would be considered a rapidly-responsive 
ecording thermometer. True lag follows a logarithmic 
decrement law. It is caused by phenomena such as heat 
transfe it the measuring element not by indicating 
echanism friction—and is commonly known as thermo 
etre ag.” “Damping lag,’ on the othe hand, is artifi 
cia ntroduced in the indicating mechanism. It may be 
most exactly “thermometric,” with its curve closely loga 
thmic, when it is molecular and not excessive but it gen 


vith the “true lag”’ 
red by 
lag, by 


has nothing to do of the primary 
changing 
damping modifying the 
affects the indicating mechanism (or 
means when detachable.) 


ement. True lag can be alt 
tne measuring system; 
lamping means which 


eplacing such damping 


Damping is that property which minimizes the time re 
iired by the indicating element to come to rest at a new 
alue after a sudden change, but without affecting accu 
a In temperature measurement practice this property is 


in the measurement of temperatures 
When the pointe1 
ven) of an instrument swings beyond the final reading and 
rest afte 
said to be ‘‘underdamped”; 


f importance chiefly 


objects. (or other indicator, or 


mo no 


a series of oscillations, the instru 
to be 


only 


and it is said 


mer 
ent S 


when the indicator approaches the final read 


verdan ped” 
ng, thout actually passing that point, in a period of 
time capable of being reduced. In general it is desirable to 
ave the movement slightly underdamped, in order that its 
free swing may give assurance of freedom from friction or 
sticking. For recorders, the damping requirements vary 
ith the “speed” and other desired characteristics. 
‘Critical damping” is that obtained when reducing the 


amount of damping would result in oscillations and increas 
ng it “dead-beat” 
critically damped. 


would increase the lag. A movement is 


] 


Damping lag I 


is seldom objectionable in indicators. In re 
be objectionable when the record must show 


corders it may 
transients; in controllers it is a factor seriously affecting 
the mode of control. 
>. Measuring Properties of Temperature Recording 

Instruments 

Although the foregoing discussion applied specifically to 
ndicators, much of it applies also to the great majority of 
recorders. It applies especially to direct-acting recorders. 

An ideally accurate recording instrument would produce 
a curve of all successive instantaneous values, say the tem 
peratures along the edge of a strip being rolled at mile-a 
minute speed in a steel mill. Even in the recording of slow- 
ly changing values there are practical limits to the attain 
able First comes the 


industrial recorder. 


accuracy of an 


Fig. 3. Average 
emperature (A) 
seemed to be 
100; after 
cleaning pen 
(arrow) it 
turned out to 
be 95 





necessity for a record which can be read easily. A thick 


wide blur extending the minimum 
values to the maximum values, whereas a thin record will 
show the details. Not only is it frequently desirable to be 
able to study such details but it always is desirable to know 


record may be a from 


the mean value, which may differ widely from the average 


value. See Fig. 


3. Even where the recorded temperature is 
ly constant, a thin record is preferable, but such pre- 
cision may sometimes be really detrimental, as when it 
would give a misleading appearance of four-figure accuracy 
on the chart of an instrument that is only accurate to 2% 


fail 


or so of its seale range. 






INSTRUMENTS 
Page 242—Vol. 13 














portions of 






Another limit not only to accuracy but also to p 
is the problem of utilizing a weak actuating force. | 
lution is to choose a measuring element of a forn 





provides the greatest mechanical force in proportior 
energy expended. Another solution is to make the p< 
of the measuring element both long enough to swing 
wide chart scale and light in weight, and to use to « 
source of power to press the tip of the pen-arm at 
intervals. Another solution is to use a large-size meas 
element having a relatively short pen-arm. Another si 
is to do away with a pen-arm and have the measurin; 
ment command the writing mechanism without any d 
all, through a relay, a servo-motor doing the actual 
of inking or printing the curve on as wide a chart as 
be desired. This permits the use of extremely sens 
neasuring elements and the employment of null meth 
self-balancing bridges and potentiometers. 

At one extreme we have utmost simplicity, with sou 
of error reduced in number and minimized in effect (1 
abolition is impossible) ; at the other we have total elin 
tion of drag on the measuring element, with a relat 
number of interacting kinematic elements—clute 
gears, pulleys, ratchets, ete. Comparisons between dire: 
writing and relay type may be made on t!] 
facts, but the relative merits of the two classes as temp: 
ture measuring instruments depend on many other ite 
most of which peculiar to individual 
classes will continue to be in demand. 


great 


recorders 


are designs. Bi 

As a rule, direct writing recorders may be inspected a 
tested individually and also compared with one anothe 
the light of such properties an sensitivity, etc., as discuss¢ 
in Section 2; but when it comes to indirect writing reco 
ers, while Accuracy and Se nsitivity retain their meaning 
“damping,” “lag’’ and other considerations ta 
on specific meanings descriptive of operating characteristi: 
rather than of measuring properties. 

Multiple -pen Recorders. 
same time line on a chart, but only when each covers a se} 
arate portion of the scale. When it is desired that the per 
only one pe 


“sticking,” 


Two or more pens can follow ¢ 


can cross one another—as is usually the case 
can be synchronized with the moving chart; the others ar 
ahead of time or behind time. The closeness of the pen 
stylus points to one another depends on their design: fine] 
tapering points can follow the same time line so closely that 
the lack of synchronism is hardly noticeable; others cannot 
be made to write than 3/32” without interfering 
With strip charts the time difference is constant over th: 
scale; with round charts it is least at the outer edge an 
greatest at the inner edge. 


closer 


Hygroscopic Effects. Paper is a hygroscopic material] 
The consequent errors are proportional to three factors 
(a) the distance of the record line from the fixed point of 
the chart (the center of a round chart or the guiding edge 
of a strip chart); (b) the hygroscopic cofficient of thi 
paper, and (c) the difference between the relative humidit) 
of the air in which the chart was printed and that of the 
air at the location where the record is made. 


For a chart printed on a good grade of paper a fairly but 1 
uncommonly low humidity (15%) and used at fairly but not 
commonly high humidity (S807) the error at the edge amounts 
is much as 3 of the scale range. Considering the fact that sor 


industrial temperature recorders are capable of accuracy to 0.2 


of the scale considered 


ledge 
witt 


range, the error is to be 


All reputable 
bond or parchment stocks, but 


hygroscopk 


non-hygroscopic 
effect 


instrument firms specify 


this only reduces the 


nullifying it. Some firms print their own charts in air-condition: 
rooms at 50 relative humidity (Cor so instruct their chart print 
ers) and this makes the hygroscopic error negligible on most I 
dustrial applications, except of course in midsummer and n 


In plants where recorders are exposed either to ne 
saturated air, the humidity of which is constat 
ipplied, the value of which can 
manufacturer. In 1931 there was 
consisting essentially 
chart, located neat 
mechanism, 


winter 
dry to to nearly 
a constant correction can. be 
obtained from the 
troduced a full-compensating 
strip of the paper as used for the 
chart and acting automatically on corrective 


some 


instrument 
device 


same 


Punching. It is not amiss to soun 
inufactured without 
perforations are all properly dimensioned and 
with the Most leading 
now that are printed and pert 


Off-reagister Printing and 


warning against charts that are 1 assuratl 
that the guide 
perfect 
ing Instruments 


registel printing. makers of reco! 


supply charts 


ited in one Operation on special presses 





















Mercury-in-glass — Solid-expansion — Pressure-spring 
(Chapters I-III constitute the three 
By M. F. 


CHAPTER IV 
MERCURY-IN-GLASS THERMOMETERS 


General Characteristics 

[he absolutely essential physical parts of a visible-liquid- 

imn thermometer comprise only the tube and the liquid. 

e tube consists of a large-volume thin-wall bulb and of 

tem with a relatively small-volume bore. The stem alone 
sometimes called the tubing—particularly when it is of 
ecial glass tubing different from the bulb. The smaller 
tion of the liquid, in the bore, is variously known as the 
lumn or as the thread. To prevent spilling and evapora- 
on, the tip of the stem is sealed and therefore the body 
of gas above the top of the liquid thread in the be- 
mes a third physical ‘part’ of the instrument. This gas 
may be the room air that happens to be left there; or it 
may be a carefully measured quantity of pure inert gas 
leliberately introduced for various purposes. One of these 
purposes is to prevent “thread-break” or “column separa- 
tion.” Another is to permit the instrument to be used at 
temperatures higher than the atmospheric-pressure boiling- 
point of the liquid. To prevent injuriously excessive pres- 
sures when the thread rises and compresses the gas, there 
usually is an enlargement of the bore at the tip of the 
stem, so that the larger portion of the body of gas is in 
this erpansion chamber or upper reservoir. 

So much for the essential physical parts. The device does 
not become a measuring instrument, however, until it is 
provided with a scale. A plain thermometer, as described 
above, is usually calibrated by immersion (to a standardized 
depth) in a series of constant-temperature baths number- 
ing from at least two (for the cheapest) to as many as 
may be called for in the most rigid specifications. At each 
bath, the worker files a tiny mark on the stem opposite the 
tep of the thread. This operation is known as pointing. A 
five-point thermometer, therefore, is one whose scale is pre- 
sumably accurate within limits of observation at these five 
points. Automatic scale-engraving machines, designed 
that they can follow the calibration curve of each individual 
instrument, are used for engraving the scales of thermome- 
ters after pointing at three or more temperatures. (For a 
two-point calibration, naturally, a mathematical machine is 
not needed: the graduations are merely made uniform.) 
The residual error is greatest, of course, mid-way between 
points, but with the uniform-bore tubing available as a 
result of recent improvements in the glass industry’s pro- 
duction machinery, even a two-point instrument with sepa- 
rate scale may be acceptable for some uses around the 
plant. It cannot be repeated too often that unless the stem 
itself is marked—even if only at one point—a _ separate- 
instrument cannot be trusted. Needless to add, the 
tube and the scale in separate-scale instruments should be 
securely attached in relation to each other, and the marks 
on the tube should be so plain that accidental slippage can 
be detected without using a magnifying glass. 


bore 


So 


scale 


2. Measuring Properties of Particular Interest 

Readability. In recent years, the growth of industrial 
instrumentation has caused to be diffused among all users 
of instruments a better appreciation of the relative impor- 
tance of the various measuring properties of instruments. 
In industrial instrumentation, readability is considered a 
most important measuring property. Around 1930, only the 
strictly “industrial” thermometers (described below) were 
deliberately made readable; since then, a number of other 
forms of mercury-in-glass thermometers have had their 
readability greatly improved by various means. The princi- 
pal means—an old one originating in the industrial field 


Industrial Thermometry 





Resistance 
precedin elf-contained a 


BEHAR 


the 
triangula 


consists in substituting, fo 
of 


rounded edge facing the observer. This “le 


traditional eylindrical stem, 


ne approximately cross-section, wit a 


ns front” mag 
files the apparent width of the mercury thread. This method, 
though a decided 


Improvement, has been supplemented by 


other arrangements, designed to provide color contrasts 
because the plain lens front magnifies the bore above the 
thread as well as the thread itself, so that under certai? 
conditions of illumination it is difficult to “find the top.’ 
Iz CD ze SG \ 
(be fe (ff, ™ 
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with side shields (binocular vision) / _ 
(S) preventing Tubing ~May be // 
red glass from readwith both \ Fs 
being seen at eyes atonce. _ / A s 
sides of mercury Purpose of side SL Cl. SL 
even when tubing lenses St /s to 

‘ /5 not viewed from saree ore <1 > 

' j exactly in front. light into tubing vi id 
Fig. 1 
The lens front alone cannot make mercury as visible as 


brightly-colored alcohols. Strips of white glass and ruby 


glass, at the back of the stem, appeared on the market 
about half a century ago. Since the nineteen-twenties, half 
a dozen stem constructions affording readability 
have appeared. Fig. 1 is a of drawings the 
author, in some cases from actual sections of tubings, ir 
other cases from manufacturers’ drawings. (The author as 
sumes responsibility for imperfect draftsmanship and im 
perfect presentation of the advantages of each invention.) 

Readability is impaired by Reflections the 
outer surface of the stem (and of the plate-glass front 
where included) were heretofore considered an unavoidable 
nuisance, but now they can be minimized (reduced by per 


greate}l 


set made 


“glare ” , 
gyiare. on 


haps 90%) through the application of thin (130- to 140 
millimicron) films to the glass surface. Two methods of 
making “glareless glass’ were announced, almost simul 
taneously, in 19358: 

(1) Drs. C. H. Cartwright and A. F. Turner, of the 


Massachusetts Institute of Technology, evaporate fluorine 
compounds on the surface of the glass until the desired film 
thickness is built up, reducing reflectivity (which is approx 
8% in the case of ordinary instrument glass under ordinary 
conditions) to approx. 0.4%. 
RI 
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and Pressure 


Scales 


Fig. 2 
Construction of a Typical ‘‘Industrial’’ type of Thermometer 
A—Scale case 
B—Interchangeable front frame 
(—Gas space above mercury 
E—Mercury 
F—Above this point, the glass has 
the lens front—as may be seen by 
comparing the apparent width of 
the mercury 
G—Cylindrical portion of glass 


tube, between scale case and bulb, 


error due to variable tmmersions 
(Important in long-stem portable 
thermometers.) 

H—Coupling nut, revolving freely 
on stem connecting piece 
I—Union connection hub for at- 
taching thermometer 

J—Seat 

K—U. S. Standard pipe thread 
L—Lower portion of packing seals 
mercury conducting bath in bulb 
chamber. Air space between surface 
of conducting bath and packing 
allows for bath expansion 
M—Mercury conducting bath 
N—Magnifying lens front tubing 
O-— Scales 

P—Plate glass front 
R—Round-headed screws permit re 
moval of scales for cleaning, one 
it a time and replacing in correct 


(Taylor Instrument Companies) 


position Detachable 


T—Ventilation openings at back : i —€ Hub 

Wi n 
prevent glass front from being ob 1 ; 
scured by condensation of moisture HM 


on inside of glass 

U—Connecting piece 

V—Hexagonal wrench head 

Ww Asbestos packing 

xX Blister’’ formed in the tubing 

tO prevent slipping up or down 

Y—Bulb chamber 

Z—Bulb Fig. 4 Fig. 5 
C. J. Tagliahue Mie. ¢ wins 
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with fine mercury bore to minimize , > D 1 , 
Fig. 3. Principal! standard forms of industrial thermometers 
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. Fig. 6. 
Standard Connections tor Industrial Thermometers. (( . J. Tagliabue Mie. Co.) 
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Dr. Katharine Blodgett, of the General Electric Co.’s 
ch laboratory, transfers monomolecular films of bari- 
earate, cadmium arachidate, etc., floating on water, to 
by a dipping technique, the operation being repeated 
x. 42 times until the desired thickness is built up, 

cing reflectivity to approx. 0.8. Dr. Blodgett’s method 

d to permit controlling the chemical composition of the 

so that its refractive index will be suited to that of the 

t this writing, neither the M.I.T. method nor the G-E 

hod is being offered as an optional feature by ther- 

neter manufacturers, but the probability of early com- 
cialization has dictated that they be mentioned here. 

must be borne in mind that only under monochromatic illumi- 

n can either method make glass entirely “invisible.” It is 

wssible to make a quarter-wave-length film eliminate all re- 

on of all wave-lengths in the visible spectrum because the 

ble spectrum extends over one octave red-light waves being 

as long as violet-light waves. Fortunately, the normal eye 

iny times more sensitive to yellow-green than to red or violet 

hty times more sensitive to \ 550 my than to \ $25 or to 

690) and, moreover, the artificial illumination from most of 

modern lamps has its spectral-distribution center of gravity 

se to that of the LC.I. Normal Visibility Curve. Each set of 

workers has, therefore, selected a wave-length close to this center 

gravity (the M.I.T., green the G-E, yellow; according to latest 

ports). Moreover, a film thickness suited to a given visible wave- 

length is not altogether unsuitable for other visible wave lengths 

en a film “calibrated” for a wave-length in the ultra-violet pro- 

luces a noticeable reduction of glare under full white illumination. 


\ttainable Precision. Theoreticaliy, with an enormous 
ratio of bulb volume to bore volume, the only limit of pre- 
cision—in the sense of “ultimate sensitivity’—would be 
imposed, in a thermometer of convenient dimensions, say 
24", by the difficulty of seeing the top of a filament-like 
column and by capillarity effects. Practical limitations of 
size, weight, cost and characteristics of glasses (including 
fused silica, ete.) create obvious difficulties in the manufac- 
ture, calibration and use of theoretically-possible instru- 
ments. Considering all these factors—and others mentioned 
below—it may be said that the practical extreme is around 
one-hundredth of a degree. This is the least reading for 
high-grade thermometers manufactured in accordance with 
the specifications of scientific and technical bodies, for per- 
forming standard tests. Since the use of various electrical 
methods permits the measurement of temperature changes 
as small as a millionth of a degree, it is obvious that the 
published agreements and specifications which call for glass 
thermometers do so because of the relative stability of a 
self-contained mercury-in-glass instrument. In other words, 
it is unlikely that a glass thermometer accompanied by a 
Bureau of Standards Certificate will appreciably change its 
calibration in weeks or months of careful use. 


Stability. There is no such thing as a perfect transparent 
solid material for making thermometers. In spite of recent 
improvements in the manufacture of numerous different 
types of glass, not one combines all desired properties. 
Many thermometer makers use different types of glass for 
bulbs, stems and for the connecting tubing between bulb and 
graduated stem. They also specify different types of glass 
for different types of thermometers. This diversification has 
minimized but not eliminated the aging effects. Any piece 
of glass, even if kept on a shelf, will undergo changes dur- 
ing the years following the month of its manufacture. 
Therefore, the glass used in high-grade thermometers has 
been aged either naturally or by some special process. Any 
piece of glass, when subjected to alternations of relatively 
high and relatively low temperatures, will undergo changes 
much more rapid than those of natural aging. Therefore, 
high-grade thermometers for special purposes are usually 
subjected to special aging processes whereby the residual 
changes occurring in actual use are minimized. 

It goes without saying that the elasticity of the glass 
from which the bulb is blown is a critically important prop- 
erty. Since the bulb is the very portion which is exposed to 
temperature changes, exposure of a thermometer to tem- 
peratures much higher or much lower than its range limits 
may undo the good effects of the manufacturer’s aging 
process. Always remember that mechanical or thermal 
shocks may cause invisible changes (in properties if not in 


dimensions) which will irremediably impair the accuracy of 
any glass instrument. 

Accuracy. From the viewpoint of the industrial user, read 
ability, precision and stability are the three chief factors 
contributing to the accuracy of glass thermometers. Progres 
sive manufacturers, therefore, have discarded the forms of 
accuracy guarantees which were in vogue a generation ago 
The trei.d is away from vague assertions and toward de 
tailed statements in quantitative terms. 

Emergent stem corrections and other data on mercuria 
thermometry will be found in the Appendix. 


} 


3. Industrial Thermometers 

These widely and importantly used industrial instruments 
embody the usual glass tube thermometer, but it is com 
pletely surrounded and protected by metal and plate glass 
The removable plate glass front, framed in aluminum, 
bronze, or other material, may appear to be a minor item, 
but it distinguishes those thermometers which really deserve 
the title of “industrial” from the “oval-back,” “‘open-V” and 
“miscellaneous” thermometers. Out of more than a hundred 
thermometer makers in the United States, only a dozen or 
so manufacture veritable industrial thermometers. Recent 
decades have witnessed a remarkable development, original 
ly due to A. B. Hohmann, in the mechanical construction of 
industrial thermometers. In addition to superior mechanical 
construction, industrial thermometers embody hidden virtues 
that show up in actual service, and distinguish them further 
from the “semi-industrial” types. The glass itself meets ex 
acting specifications and the raw tubes are selected with 
care (we recall seeing a barrel of deliberately smashed 
rejects in one factory). It is heat-treated to minimize the 
inevitable deformation and change in properties which glass 
always undergoes. Bulbs and capillaries are in many cases 
made of special-composition glass. A dry, inert gas (usually 
nitrogen) fills the bore above the mercury and prevents 
thread-break or “separation of column.” Each pair of scales 
is graduated for its tube, which is pointed at several tem 
peratures; and each tube so held that it cannot slip. Met 
cury of exceptional purity is almost always used as the 
thermometric liquid, but colored alcohol and other low-range 
liquids are supplied for applications where the industrial 
type of thermometer is desired and where temperatures be 
low —40 have to be indicated. 

The success of the “Hohmann Type” about a quarte) 
century ago effected almost a revolution in industries where 
the word “thermometer” meant something too fragile fon 
plant service. No essential change in the mechanical pro 
tection has ever been made since then. Fig. 2 is a reproduc 
tion of a cut made in 1924 and it remains the author’s 
favorite sectional illustration of an Industrial Thermometer! 
(The company whose product is shown in Fig. 2 have made 
further improvements, of course, but the only readily 
detected difference between Fig. 2 and the sectional view 
of their recent models is a refinement in the contours of the 
surfaces enclosing the asbestos packing.) Various manufac 
turers have developed various forms of “extra-heavy-duty”’ 
and “super-service” mechanical protection. Mention may be 
made of the Philadelphia Thermometer Co.’s scale-case and 
front-frame which are fastened together by eight bolts, ihe 
joining surfaces being ground flat, the plate-glass being '4 
thick and the whole being dust- and moisture-proof as well 
as rugged. Various manufacturers have also brought out 
various forms of heat-insulating sleeves to minimize heat 
conduction between the scale-case and the parts in contact 
with the wall of the apparatus or pipe. Recent introduction 
by the plastics industry of heat-insulating materials of 
metal-like strength has made it possible to have the benefit 
of this feature without impairment of ruggedness. 

Modern developments in plastics presage also the increas 
ing adoption of these new materials for scale cases, front 
frames and other major structural parts. 

Principal Standard Forms of Industrial Thermometers 
The industrial thermometer needs no advocate to defend it 
from the inroads of other temperature indicating instru 
ments. It must be said, however, that a more widespread 
acquaintance with the standard forms of industrial ther- 
mometers would in many cases make it unnecessary to 
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specify another indicating instrument when an indy 
" e ow thermometer would do as well. It frequently happens t} 

Look to Philadelphia for a manufacturing department where a large number of 
straight-form short-stem industrial thermometers are p 
i satisfactory service, the man in charge, forgetting 

as Weil as = there are other forms, will order a dial thermomet: 
electrical resistance thermometer, thereby ending stand; 
T R | FE D zation. Fig. 3 shows some of the possibilities of indust 
thermometers in this respect. Only a few standard fi 


are shown. There are many “specials” for various indust 


i i es : ‘ : 
Regular different in appearance but of the modern “indust) 


construction whenever that designation is used in the ec 


Models log of a reputable maker. 








This new form has 





been designed 
be used as bot ‘ : 
straight and angle Principal Standard Connections for Industrial Therm 
thermometer. Five } ; 
inch scale i O f t " Cuer 
seat ; ne oO rundreds . 7 Pe ; 
. — stem regular models of 1. Fired—(Fig. 4) This is the simplest style of conn 
engtns I ne s * s 
ied conenctions. coe ae pre tion for permanently attaching a thermometer to an ap} 
ork ‘ ‘ mometers ‘ (de- = aia aes ' : I 
gree) angle, with sep ratus, (a) Fixed Thread—The illustration shows a straig 
arable socket ? form thermometer with fixed Standard Pipe Thread ec 
and 12” standard cas¢ : <u dl 
nection. (b) Fixed Flange—Instead of the wrench head a: 


NEW 


This new electric 


pipe thread, a fixed flange may be furnished. (c) Pi; 
Threaded Flanges—When the wall of an apparatus is 

thin to enable a thermometer to be securely attached | 
means of a threaded connection (or when it is necessary | 








contact thermom . : ‘ _— . nino : a als ) oY 
iggy igaaav eres" provide a threaded ope ning at a slant) the thermomete1 
contact points, and attached by means of its s.p.t. to a flange, which can hb 


one switch on top, 


thus providing va 


bolted, riveted or sweated to the apparatus. (d) Runnin; 





riable control. The Thread and Lock Nut—In this form of connection there is a 
number of con . oa as x 7 : . . paiaie wad ot ae 
Sai de. saatiioned lecteuctive coflens, preseation square¢ shoulde1 immediately be low the wrench head; an 
Case size, stem technical data on laboratory and the thread is U. S. Standard machine thread (not tapered) 
type, connections, plant instruments, will be sent 9 ‘ es ss ; , : 
ete eR ane ot on request 2. Union—(Fig. 5) A union connection permits a ther 
quirements mometer to be securely attached without at the same time 
The Philadelphia Thermometer Co. turning the scale case. The case, therefore, can be faced any 
915 Filbert Street Philadelphia direction before tightening the connection. The essential 
Oldest Thermometer Manufacture feature is a revolving coupling nut, free to turn on the cor 
n Philadelphia necting piece. Its function is to hold the thermometer s¢ 








curely to the fitting (hub or flange) while sealing the oper 
ing through which passes the stem of the thermometer. In 
the lower illustration of Fig. 5 is shown a union hub, which 
has a standard pipe thread on the outside. For thin-walled 
apparatus, a union connection flange, as shown in upper 
illustration of Fig. 5, is used instead of the hub. 





3. Separable Socket—(Fig. 6) A separable socket is ai 
additional chamber or well, which exactly fits over the bulb 
chamber and stem of the thermometer. It has the advan 
tages of the union connection; and permits also that the 
thermometer may be removed without creating an opening 
in the pipe or apparatus. It therefore is used where pres 
sure or vacuum is a factor. For protecting the thermomete: 
itself against corrosive fluids, sockets may be made of spe 
cial materials: even if they have to be renewed periodically, 
the thermometer is saved. 

1. Adjustable—(Fig. 6, bottom) While handle-top and 
straight form adjustable connection thermometers are all 
portable, it often is desirable to attach them to a kettle o1 
other apparatus; even if only in order to locate the stem 
and bulb properly. Hence various clamping devices applied 
to the plain tubular stem. 


























Fig. 7. Sanitary fitting 


(Taylor Instrument 
Companies) _ | 5 Pk owes Sh i oad 
R 


SHAPE OF FLANGE BEFORE MIL 


GEORGE RUEHFEL COMPANY, Inc. fuuegernenes 


103-105 Menahan Street e Brooklyn, N. Y. For various standardized industrial processes, special con- 
nections and fittings have been devised, including ventilated 
fittings for steam-jackets, wall fittings, ete. Fig. 7 shows 
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irrangement whereby an industrial thermometer may 
ipplied to equipment in the dairy industries in con- 

‘ity with the rigid requirements of sanitary officials Two of Many 
technical organizations. Thermometers of both the in- . 


trial and semi-industrial construction and workmanship Specialties 


be obtained with various special-industry fittings. 


re Bulbs—For many applications, particularly where Modified ified Beck 
temperatures must be measured, the glass bulb should Modihed and simplined Dec 
‘ . mann type thermometer recom 
he enclosed in a bulb chamber because the thermal lag . 
hiecti bl F : : ae mended for inexperienced labo 
ght be objectionably great. For such applications it 1s ratory workers and preferred by 
| to specify a bare bulb, protected by a suitable guard technicians of long experience 
ch as a perforated metal tube of comparatively large Improved and heavier construc 


meter. Flanged or s. p. t. union connections are optional tion of capillary obviates cus 


g is much less than with a bulb chamber, but a pressure- 
eht connection ordinarily impracticable. with rattling of thin tube 
Principal Sizes of Industrial Thermometers—By “size” is 
eant the length of the pair of scales alongside the visible New quick-reading thermometer 
tion of the tube. The standard scale-length sizes are 7”, 5 for micro testing. Perfected con 
and 12”. The scale cases are between 112” and 2” longer. struction of enclosed porcelain 
“High Ranges’—Industrial thermometers are listed in 


tomary glass case... does away 


Less expensive, too! 


scale assures permanent read 
ability. Long thin bulb speeds 

















atalogs in ranges up to 1000°F. (538°C.) but the bulb > ; 
chamber construction and other details for ranges above 0 ni Ge Senin ieee agg loot hag 
: ; ee: ond thermometer! Available in 
50°F. are special; there is an extra charge; lag is greater; 
‘dal : fF ; ; : any range; generally furnished 
mayve « > ao y > ete av VEcSairs > ‘ale realy ‘ea. ° ° 
inavoi able aging ¢ ects may necessitate relatively fre in sets of three: 0-100. 100-200 ° 
juent calibration, and when the thermometer is continuously and 200-300°C. (or equivalent ¥ 
used above 900°F. the destructive effects may soon make the F.). Size approx. 6 inches. 
instrument unserviceable. Thermometers of the typical “‘in- 
ora ; aah Why not write immediately to this 
dustrial” construction are not recommended for use above > D as 
900°F. Special instruments, variously known as tempering 2 nist pees sal andr niga ~ Pip ergnaineens 
: - Hpecie Ss ents, variously Known as tempering- that your inquiries will receive prompt , 
bath thermometers, type-metal thermometers, flue-gas ther- and intelligent attention—without ob 
mometers, ete., when made with care of selected materials, ligating you in any way. 
may be exceptions to this statement. Our catalogue A40 covering a gen 
; eral line of hydrometers and thermom- | 
4. Miscellaneous Thermometers | eters may be bad upon request. 
There are many forms of mercury and spirit thermome- 
ters which, without being ot “Industrial” mechanical con- W lt " K i C 
a Senet see at “MenecIeN” mechanical ec alter H. Kessler Co. 
structicn and general workmanship, are nevertheless of wide 
: : : 213 Pearl Street, New York 
usefulness in all industries. In this category are some spe- 
cial-purpose thermometers of quality equivalent to “Indus- 
trial’ and differing therefrom in specification details that 
have no bearing on stability and accuracy. Fig. 8 shows 
fourteen miscellaneous thermometers of one make and gives 
an idea of the variety on the market. 
Thermometers Psychrometers 
5. Etched Stem Thermometers 
These instruments, also known as engraved stem or labo- Hygrometers Hydrometers 


ratory or chemical or test thermometers, while indispensable 
in the laboratory, cannot be discussed at length here, for 
their fragility makes them unsuitable for industrial plant 

service. Provided with closely-fitting or loose cylindrical P vee 
metal cases they are known as armored or pocket thermom- 
eters and are of great importance in testing. The sensitiv- 
ity of these thermometers greatly exceeds that of the indus- 
trial types and the lag is less, but this is due in part to the 
greater thinness of the bulbs. The higher grades are instru- 








ments of precision. 
6. Beckmann Differential Thermometers 

If the volume of the expansion chamber or upper reser- 
voir (mentioned at the beginning of this chapter) be made 
as large as that of the bulb, there will be no danger of 
overranging a short-range thermometer. The Beckmann 


type not only employs this idea but is so designed that (1) wey 








some mereury can overflow from the top of the bore into = 
this reservoir and stay there; and (2) some mercury can i j 
be transferred back by manipulating the instrument. Every : 
time this happens, of course, the range is displaced—which 
is exactly what the inventor desired that the user should 
be able to do at will. Beckmann thermometers may be 
graduated in hundredths of a degree (F. or C.). Their . — _— 
obvious purpose is to measure small (say 2°) temperature ro ¢ 
changes or temperature differences with a relatively small STaRte*F ond 6- 
egiete P sala ett 


error—small in percent of this change or difference. Among 
features of improved designs may be mentioned an auxiliary 
scale for the upper body of mercury and a “dropping” ar- Weksler Thermometers are offered in FOUR different styles of glass 


rangement whereby each drop of mereury has a rated value White ename! back; yellow enamel back; Hespe; red-reading mercury 


in relation to the auxiliary scale. This minimizes the drudg- 
ery of “setting” the instrument to the desired correspon- WEKSLER THERMOMETER CORPORATION 


dence between the mid-point of its scale range and a definite 535 PEARL STREET. NEW YORK. N. Y 
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THERMOMETERS 
HYDROMETERS 


for Science and Industry 


Chemical, Laboratory and Industrial 
Thermometers to Specification 


Send us your problems for individual attention 
All Types of Thermometers Rebuilt and Guaranteed 


Some of Our Specialties: 


LONG STEM Thermometers, for various indus- 
tries such as chemicals, pulverized materials, 
varnish, paint, baking, etc 


SPECIAL Thermometers: Immediate, intelligent 
attention; thorough understanding of special 
problems; and—consequently—full satisfaction of 
customers, are the results of our half century of 
service to different industries 


FR. FLEISCHHAUER & SON 
89-36 187th PLACE. HOLLIS. NEW YORK 


Established 1890 














Precision 
Thermometer and Instrument 
Company 
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Manufacturers of 


CALENDER MICROMETERS 
MERCURY GAUGES 
MANOMETERS 

DRAFT GAUGES 

RAIN GAUGES 
ANEMOMETERS 


THERMOMETERS 

HY DROMETERS 

HYGROMETERS 

PSYCHROMETERS 

BAROMETERS 

ALTITUDE STANDARDS 

VACUUM GAUGES BALLISTIC INSTRUMENTS 

TANK GAUGES SPHYGMOMANOMETERS 
SPECIAL NAUTICAL INSTRUMENTS 


Experimental and Developmental Instrument Making 


PRECISION THERMOMETER 
AND INSTRUMENT COMPANY 


1434-1 Brandywine Street, Philadelphia, Pa., U. S. A. 
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Fig . ‘‘Miscellaneous’’ Thermometers. Some of Semi-Industrial Construc 
tion. (C. J. Tagliabue Mfg. Co.) 


A—Open V shape wood case standard grade thermometer. This is not the 
kind designated as ‘‘floating’’ but it will float if accidentally let go in 
liquid. ‘ 

B—Nickeled steel case flat back thermometer with 1/4, inch S.P.T. Not of 
“industrial’’ construction but frequently adopted as equipment on quantity 
production vats, etc. Also made in angle form. 

C—W ood case handled thermometer, 18” V-shape back. 

D—18” copper case ‘‘confectioner’s thermometer.’’ 

E—Cup case tank thermometer (wood case with brass cup), meta! scale 

F—‘'Flanged’’ dairy thermomerer, 10” size. 

G—''Flanged’’ angle thermometer of angle form with bare bulb and per 
forated guard, for air dryers and similar equipment. 

Fig. 10. Sanitary-fitting connection for dairy industries. (Taylor Instrume? 
Companies) 

H—A well-known form of stamped metal case thermometer. Some models 
for low-temperature work are spirit-filled 

I—A familiar form of wall thermometer. The case is galvanized or en 
ameled iron. The usual size is 12”. 

J—Dough-testing thermometer with 
stem. 

K-——‘‘Shiphold thermometer 
ers at sides and at bottom. 

L—Cylindrical cup case thermometer with V-shape metal scale. 

M—Conpper scoop case thermometer, 12-inch size. 

N—12” cup case thermometer, 1544” diameter. 


7” open V iron case and 10” nickele 


The galvanized iron case has rubber bump 
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igh-temperature Visible-column Thermometers 
cury-in-glass thermometers should not, as a rule, be 
ibove 850°F. The use of special glasses and glass-like 
ials, with higher softening points, permits higher mer- 
ranges by permitting the gas to be compressed and the 
g-point of the mercury raised, without injurious ef- 
The other solution of the problem is to use gallium 
ng-point around 2900°F.) in a tube made of one of 
special materials. 
illium-in-quartz Thermometers — The commercial gal- 
in-quartz thermometer when it appears (before the 
edition of this book, perhaps?) will probably give as 
able indications at 1800°F. as are given at 950°F. by 
cury industrial thermometers with high-pressure nitro- 
filling, special bulb glass, special capillary glass and 
cial bulb-chamber construction to prevent erratic changes 
bulb volume—features which make them relatively costly. 
juartz is a common mineral of many forms and methods of oc- 
ence. In instruments, it is used raw or natural only for pivot 
vels. (Therefore “gallium-in-quartz”’ is technically incorrect.) 
Fused quartz, quartz glass, and such quartz materials are impor- 
ntly used in industrial temperature instruments, for resistance 
lbs, thermocouples, mercury thermostat switches, fusion cones, 
As a matter of fact, natural quartz becomes something else 
when heated: It inverts to tridymite with a 15° increase in vol- 
it 870°C., and at 1470°C. changes to the ordinary Mexican 
ristobalite. The gallium thermometer (for which the author pre- 
licts a great future when someone offers it to industry) will have 
to utilize not “quartz” but some industrial quartz product. A ma- 
terial with a softening point of 1750°C, has been produced by the 
General Electric Co. It would seem that the industrial gallium-in- 
juartz thermometers will be readily applicable for temperatures up 
to 1000°C. (1832°F.) The chief difficulty appears to be the resis- 
tance of quartz materials to etching. This precludes the early in- 
troduction of laboratory instruments with scales etched on the 





stem, but not of industrial instruments (with separate scales) the 
tubes of which are merely marked by small scratches when 
pointed,.”’ Another difficulty is drawing fused quartz tubes with 


bores as uniform as those of high-grade glass tubes. 

Gallium. The small amount of refined gallium at present avail- 
ible is a real obstacle—that is to say merely a challenge to Ameri- 
in ingenuity. (So were aluminum, magnesium and helium costly 
ind “rare” not so long ago, It will be the same story with gallium!) 

“Hyperthermometers,” brought out in 1931, are scaled up 
to 1200°F. or 650°C. and therefore belong between the usual 
mercury-in-glass and the gallium-in-quartz thermometers. 
They are similar to the etched stem instruments in general 
appearance, the main difference being in the glass which 
has a softening point. They would seem to meet the re- 
quirement for indicating industrial temperatures in the 
border-zone between 900 and 1200°F. 


8. Low-temperature Visible-column Thermometers 

Best-remembered numbers in thermometry are 0 and 100; 
32, 212 and 180; and also —40 where C. and F. meet and 
where mercury freezes. (Exact f-p., -38.783°C.) The princi- 
pal thermometric liquids used for measurements below —40 
are: 


Customary limits of scale graduations 


Liquid Lower Upper 
C. F. i. ir F. 
ou | -—_ —60 —80 300 150 
Co -95 -130 30 80 
PORTANG: .. 60 5 —200 =—350 30 380 


It may be werth mentioning also that if, instead of pure 
mercury, a eutectic alloy of 91.5% mercury and 8.5% thal- 
lium is used as the thermometric liquid, the lower point of 
the range can be brought down to -60°C. or -76°F. 


CHAPTER V 
SOLID EXPANSION THERMOMETERS 
(BIMETALLIC) 


1. Differential Linear Expansion Thermometers 

The first industrial devices for measuring temperature by 
the change of length of a solid were clay cylinders used by 
Wedgwood in the 18th century. The expansion of platinum 
was used by Daniell for high-temperature measurement 
early in the 19th century. 

All such devices, of course, utilize the differential expan- 
sion of two solids, for there must be a “yardstick” which 
does not change its dimensions as does the thermometric 
rod. The earliest pyrometers regularly manufactured for 
industrial use, therefore, consisted of two rods or tubes. At 
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MOELLER MERCURY THERMOMETERS 
are made with the Moeller Glass Red 
Reading Column making them easy to 
ready under varying light conditions, at 
a considerable distance and over a wide 





range. 


MOELLER DIAL THERMOM- 
ETERS are made in various 
scale ranges up to 1000 F. 
or equivalent. Metal and 
Phenolite cases. 





MOELLER RE- 
CORDING THER- 
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up to 1000 F. or 
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and square cases 
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the furnace end of the device the two materials were at- 
tached; at the dial head of the device, the ends of the two 
tubes were free to move in relation to each other 
this motion actuated the pointer. There are on the 
market some modernized forms several feet in length, the 
outer metal tube and of an inner 
refractory rod; and the dial generally being perpendicular 
to the axis of the stem. 

The expansion coefficients of all known solid materials 
change as a result of repeated 
cycles of temperature changes. Therefore, such instruments 
should seldom be used above a dull red heat; and 1000°F. 
is the usual upper limit for such thermometers 
or pyrometers in which the tube is made of any kind of iron 
or steel. Neither can the refractory member be expected to 
an invariable standard of reference! However, one 
that 
months of being 


rods oO! 
and 


stem consisting of an 


even “pure” precious metals 


expansion 


remain 
frquently hears an instruments 
“settle 


tual service, 


old-timer say such 
after a few “cured” by ac 
and that after resetting the pointer at the end 
cure the many 
years. In the of quantitative reports, one may as- 
that the instruments found accurate 
were designed to be read to the nearest 10° or so. See 


down 


of such a instrument stays accurate for 


I absence 
sume because 
tney 
Chapter II, 

Rod-type units cannot be dismissed without mentioning 
their as compared with units which deflect. 
much smaller travel and for the 
rod, the product of available force 
hundreds of greater for the 
than for the spring-like elements. Since energy is the de- 
factor in (say 12” dial) instruments and in 
valves, the rod element will not 


were 


Section 2. 


high “power” 
allowing for the 


“rigid” 


Even 
elasticity of a 
times rods 


times distance is 


ciding large 
perating 
if the picture. 


soon 


pass out 


2. Bimetal Deflection Thermometers 
The field of 


few 


thermometers today 
devices. This field now be 
longs almost entirely to instruments employing bimetallic 
clements. The manufacture of these elements has become a 
industry in recent years, because of growing demand 


solid expansion com 


metal-and-refractory 


prises 


specia 
for simple thermostatic devices produced in enormous quan 
tities for incorporation in household Thus it 
about that the term “bimetallic thermal element” is 
being supplanted by the name of the product from which 
such which is “thermostatic bimetal.”’ 
metallurgical product made 
from have widely different temperature 
coeflicients of expansion and which have been firmly bonded 
at their face of contact. When subjected to a change in 
temperature, the composite material will change 
which change of shape is utilized for measurement and con 
trol purposes. In addition to having widely different coeffi 
cients of expansion, the components must have mechanical 
properties suitable to minimize hysteresis and provide ade 
strength. (For example, lead cannot be used as a 
component.) The component metals usually of 
equal thickness and firmly joined before being rolled down 


devices. has 


come 


made 


bimetal is a 


elements are 
Thermostatic 
which 


two metals 


shape, 


quate 
two are 
to size. 

The first known application of thermometric bimetals was 
in balance-wheel compensators, supposed to have been used 


n 1775 by the great watchmaker Abraham Louis Bréguet, 
who later invented the bimetallic spiral thermometer and 
whose descendants have been manufacturing these instru 


ments. In 1868 Villarceau published an analysis of thermo 
static bimetal in the Annales de ’ Observatoire Impérial de 
Par With the discovery by C. E. Guillaume in 1898-1899 
of the low-expanding alloy known as invar, consisting of 
the remainder 


ven the work on bimetals. 


and impetus was 
A number of bimetallic-spiral 
indicating thermometers appeared on the and 
American Bristol Co. was the first 
to bring out a recorder of this class, suitable for industrial 
service. Its element is not a spiral but a helix. 


36° nickel iron, a new 
European 


markets. The probably 


The effectiveness of a given bimetal depends upon the dif 
ference in thermal expansivity of the two components. Al 
market have high ex 
a few alloys with expansivity nil 


though numerous alloys now on the 


pansivity, there are only 
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or negative or at any rate sufficiently low for comm 
use in bimetals. Moreover, the thermal or mechanical t 
ment of an invar type alloy changes its expansivity. 

When such an alloy has been heated and then slowly coo] 
expansivity rises; but its expansivity falls if the cooling ha 
rapid. When such an alloy is cold-rolled or drawn, its expar 
will decrease still more. By first quenching and then draw 
rod to the limit, it is possible to reduce the expansivity to su 
extent as to reach a negative value. Reheating at 212°F. f¢ 
eral hours brings the value up to substantially zero. In pro« 
invar for bimetal applications, however, advantage is not tal 
this property, since reheating to higher temperatures will cau 
expansivity to revert to the higher minimum. 

Materials for the high-expansion side, in addition to |} 
ing a high coefficient of expansion, should have good bra; 
or welding properties, should develop high elastic propert 
as a result of cold-working, and should have high hi 
resisting properties. To meet the requirements for hi; 
temperature, high-deflection bimetals of good constancy, 
rious nickel-chrome alloys have been adopted for the hig! 
expanding side. Developments in high-temperature bimet: 


















































































































































have been mainly related to the high-expanding sid 
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The important thermal properties of a number of repre 
bimetals are illustrated in Fig. 1, the data fo 
which were obtained from manufacturers’ literature and 
correlated by Eskin and Fritze.* The bimetals which they 
selected for this chart characterize the three general groups 
into which a number of commercially available bimetals 
may be classified, depending upon the temperature range of 
applications, low, medium and high. The bimetals selected 
for this illustration are made by the three largest manufac 
turers of this material in the United States: W. M. Chace 
Co., General Plate Co. and H. A. Wilson Co. In the uppe: 
part of the figure, deflection and force constants are given 
The lower part of the figure shows the temperature ranges 
for which the deflection is directly proportional to the tem 
temperature change, and the useful temperature ranges. 
So much for the modern product known as thermostati 
bimetal, the practical perfecting of which has created a new 
class of “thermometric substances,” so to speak, the poss 
bilities of which are just beginning to be exploited. 
Progress in realizing such possibilities depends upon (1) 
the design of bimetallic members and (2) the design and 
construction of the co-acting parts of an instrument. Prog 
ress along these two lines is well under way, as witnessed 
by commercial embodiments recently brought out. 
Illustrating this principle (the commercial embodiment 
of modern bimetals, of special design of bimetal elements, 
and of special design of the rest of the instrument) 
“Temperature Gauge” brought out by the Weston Electrica 
Instrument Corporation in 1935. The bimetallic element 


sentative 





is the 


*S. G. Eskin and J. R “Thermostatic Bimetals.” Trans 
actions ASME, Vol. 62, No. 5, July 1940, pages 433-440; discussior 
pages 440-442. Grateful acknowledgement is hereby made for th« 
help which this disclosure has been in revising this chapter. 










Out-of-reach doesn’t mean out-of-reading 
range when WESTON Industrial Thermom- 
eters are used. Their large, gauge-type faces 
with bold scale markings are easy to read 
...and read accurately ...a good distance 
away. That’s why you see so many WESTONS 


on overhead lines, and on equipment in 





hard-to-get-at locations. In addition, the 
rigid, all-metal construction of these modern 
thermometers makes installation easy .. . 
reduces breakage losses... and prevents 
damage from over-temperatures. Available 
in sizes, ranges and stem lengths to meet 
most industrial temperature requirements. 
Be sure to send for catalog. Weston Elec- 
trical Instrument Corporation, 591 Freling- 


huysen Avenue, Newark, New Jersey. 
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own in Fig. 2; a section of one of the smaller-size ther- 
mometers is shown in Fig. 3. The following is an abstract 
(re-worded by the present writer) of a portion of a tech- 


nical article released by that company in 1935: 


“A mathematical analysis by F. G. Bloch recently indi- 


cated the improvement in rigidity, accuracy and available 


be obtained by an element consisting of several 
their rotational deflection 
s additive while their axial displacement is mutually coun- 
Development of apparatus by which 
these concentric helical springs may be wound from a single 


torque to 


concentric helices, so wound that 


terbalanced. novel 


strip of bimetal has opened the way to practical utilization 
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ae ee 


\ 





f this principle in the construction of bimetal thermome- 
ters and temperature control devices combining minimal 
lag, small ruggedness. Reduction of strip width 
and thickness, and the compact form in which the greater 
permit the construction of ther- 
torque to provide deflection of a 


size and 


length is secured, 
mometers of sufficient 
pointer over a scale long enough to be read to fractions of 
a degree, with a thermal element as small as the bulb of a 
glass thermometer.” 


strip 


The bimetallic element used in the Weston thermometers 
is being produced today in several sizes, for a line of indi- 
cating thermometers with dials from 112” to 6” in diameter. 
In addition to the pipe thread connection shown in Fig. 3, 
there are available separable sockets and other accessories, 
the number of which is of course smaller than in the field of 
industrial mercury-in-glass thermometers, but growing. 

The structural design of the great majority of bimetal 
elements is such as to produce a deflection—generally a 
rotation. In many applications, requirements of kinematic 
design call for a straight-line effect, exactly as obtained 
from the 19th-century rod pyrometers and rod thermome- 
ters. A solution of the problem of obtaining this linear ex- 
pansion and contraction from the bimetal element has re- 
Plate Co. In the 
manufacture of this novel unit, the narrow (approx. %”) 
bimetal ribbon is wound in the form of a coil having the 
same outside diameter as the ribbon itself. The appearance 
of the helix at this stage is like that of a “spiral-wound” 
flexible armored cable. The next stage is to take a long 
length of this narrow coil, say 30 inches, and coil it into a 
helix which has an outside diameter of approx. %” but 
which is only approx. 242” long. The final result of this 
process is a unit which has the property of expanding and 
contracting in a straight line coinciding with its own longi- 
tudinal axis. These General Plate Co. units are used only in 
temperature control devices at this writing. 


cently been announced by the General 
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YHAPTER VI 


( 
PRESSURE-SPRING THERMOMETERS 


1. General Characteristics 

Pressure-spring thermometers ordinarily embody a 
system” consisting of (1) a primary element in the fo 
a bulb, (2) a flexible capillary connecting tube and ( 
hollow pressure-responsive spring which moves the p 
or pen-arm (or which actuates the pilot or relay in a 
troller). Therefore they are sometimes referred to as “‘n 
bulb and capillary tube” thermometers, or even as “; 
sure gage” thermometers. The system contains a the) 
metric liquid or gas. The utilized temperature effect of { 
substance is always a pressure effect—even when its ther 
metric property is expansivity. 

The universally accepted classification of pressure-sp) 
thermometers is by the “filling” of the tube system. 7 
original scheme (still used in some cases) was into tl 
numbered The usual engineering designation 
these three classes has been “liquid expansion,” “vap 
pressure” and “gas-filled.” Without aiming to overth? 
this classification into three classes, the author pointed . 
in 1930 the usefulness of recognizing that there are fou 
classes. His reason—as valid now as in 1930—is as follows 
The vapor-pressure systems and the gas-filled systems ma 
each be conveniently described and studied as a class; but 
the “liquid expansion class” is different: with regard to a; 
plications, characteristics, limitations, etc., it really consists 
of two sub-classes, (a) mercury, and (b) liquids other thar 
mercury. Such liquids may be various hydrocarbons, but 
xylene* has for some twenty years been used in 90% 
the non-mercury liquid-expansion instruments in industria 
use. The characteristics of the mercury instruments are si 
different from those of the xylene instruments that in wu 
dertaking to describe and tabulate the industrially-interest 
ing characteristics of pressure-spring thermometers it was 
found necessary to split up the old “Class I” and to publis} 
the new “rational” division into four classes: 


classes. 


Mercury 
Xylene 

The fundamental operating principle employed in all fou: 
classes is the measurement of a pressure effect, by means 
of a pressure-responsive device. This device is unsuitable 
for ordinary volumetric measurements but its form is such 
that its internal volume increases as it uncoils. Therefor 
the entire system is not a constant-volume system. 

The principal characteristics of the four classes are set 
forth briefly in Table III. Numbered notes pertaining to this 
table are added for the sake of amplification and clarifica 
tion. These data are believed to satisfy all quick-referenc: 
requirements. 

Outside of this table and the set of notes, however, a few 
general and specific statements remain to be made. 

Pressure-spring thermometers possess one obvious advan 
tage over the “industrial” and bimetallic thermometers 
which are local instruments: However inaccessible the point 
of application of the bulb may be (within tube-lengtl 
limits), the “instrument” proper may be installed at eye 
level. 


Vapor-pressure 


Gas 


It is worth noting that one 
small establishments many of which are owned by 
eign birth, refused to buy “industrial” thermometers, used chea} 
thermometers, or did without any, until it was awakened in the 
1920's to the business value of dial thermometers easily read b) 
workers and seen by customers. This industry then began buying 
pressure-spring dial thermometers. Today it does not have to buy 
them separately, for modern temperature instruments come wit! 
all major units of processing equipment for that field. 

Pressure-spring indicating instruments (dial thermom 
eters) ordinarily are made up with one tube-system and on¢ 
pointer; some may be made up with two pointers co-axial 
like the hands of a clock. Recorders are frequently made up 
with two tube-systems, sometimes with three or four. Most 
controllers are single-system, but dual system or duplex 
controllers are regularly made up by several companies. 

Centralization (Fig. 1) is made possible, for capillaries 
may be as long as 100 feet or more. Electrical instruments 


thousands 
persons of for 


industry, comprising 


*Usually meta-xvlene or dimethvl-benzene-m., CsgH4(CHs): 
freezing-point —54°C., boiling-point 139°C. at N.B.P. 





















4 types... 


BUT ONLY 


No matter what type of service or results you 
require from a temperature recorder, there’s no need 
to forego the speedy response, high sensitivity and 
accuracy of a Foxboro Recording Thermometer. 

Every temperature range from —150'F. to 1000°F. 
is competently handled by one of the four different 
types of Foxboro Recorders . . . Liquid Pressure, 
Vapor Pressure, Gas Pressure or ‘Anti-Ambi” Liquid 
Pressure type. Graphic records that are as accurate 
as the instrument mechanisms themselves, are made 
possible by a selection of 700 precision-printed-and- 
pierced charts to meet any operating conditions. 

Throughout this wide option of individual Foxboro 


Recording Thermometers — in fact, in al] instruments 


ons RECORDING * CONTROLLING * INDICATING ° nstrum eri ts 





ONE —— STANDARD! 












made by Foxboro - there is one unvarying character- 
istic. Accuracy — of design, mechanical construction 
and practical performance —this is the factor that 
has given Foxboro an enviable reputation wherever 
instruments are used. 

Write for reference bulletin on Recording Ther- 
mometers. The Foxboro Company, 46 Neponset Ave., 
Foxboro, Mass., U.S. A. Branches in 25 Principal Cities. 
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CHARACTERISTICS OF CLASSES OF PRESSURE SPRING THERMOMETERS 
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NOTES (10)—Characteristics of many volatile liquids bei 


Table III 


released for 


(General Note) had to be compiled, in part, 
from information the first time by various 
qualified sources. In some cases the author merely put down, 
from experience, the briefest possible answers to the ques- 
tions in the first column. 

(1)—Comparative advantages of the high-pressure mer 
cury filling are ruggedness, durability and permanent accu- 
racy. It requires the use of steel, for mercury would amal 
gamate with other common metals. A slight disadvantage is 
that bulb must often be protected to resist corrosive condi 
tions. This increases the lag, and may cause heat-conduction 


error. Whenever there is room, long sockets should be speci- 
fied. 

(2)—150 feet or more when a method of “full compensa 
tion” is used. One method uses a double connecting tube: 


inner capillary performs usual function; gas-filled space be- 
tween actuates a second pressure-spring, shifting the mer 
cury mechanism to compensate for temperature fluctuations 
along the tube. In another method, the capillary tube is of 
high-expansion material, and has running throughout its 
ength a wire of low-expansion material, so that for a given 
change in temperature, the change in mercury volume is the 
same as that of the annular space it can occupy. A third 
method uses a gas-filled capillary alongside the mercury 


capillary, this body of gas actuating a second pressure 
spring as in Method One. 

(3)—No etfects when “full compensation” method is em 
bodied in the system. 


(4)—13.6 times the hydrostatic pressure of water (about 
15 times that of hydrocarbons) for the same altitude dif 
ference, but mercury systems being filled at higher pressure, 
net effect is not 15 times greater than for xylene. 

(5)—Non-linearity above 250°F. is slight and it is said 
to be the same in successive shipments of xylene accepted 
for fillings; therefore, printed recorder charts may be used. 

(6)—But not as a cursory cubing would lead one to be 
eve In other words, for bulb lengths of 1 Sa ‘ and 6 - 

umes are not in ratio of 1, 8, 27, and 216. 

| m of xylene with mercury showe 
rth t ry bulb \ for a 
t ' the 1 rket 1 xvilens prin 
= 
ngul tr el by multiplyir pri 

(7)—Slight: Even with smallest standard bulb, effect of 
change from ice to steam on 10 ft. capillary is claimed to 
roduce 1°F. error in indicating bulb temperature. Some 
makers supply “full compensation” systems (see third meth 
dd in Note 3) 

(8)—-Compensating device is within area formed by out- 


side diameter and height of spring. 


(9) Lowest working pressure, at low end of usual 
anges, is 300 lbs./in 10 ft. head of xylene 3.5 lbs./in.2 
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known, makers can supply proper filling for each rang 
specified. It always is advisable to specify not only thi 
range but the zone within the range where accuracy is most 
needed. Reason: sensitivity increases with the temperatur 

(11)—A “progressive” scale is one which is “closed” at 
its lower end and “open” at its upper end. Such scales ar 
made necessary by the non-linearity of vapor pressure wit! 
temperature, unless by the use of a suitably shaped cam < 
other movement the uncoiling of the spring can be made t 
produce a uniform motion of the pointer for every degre: 
throughout the range. 

(12)—The capllary and spring for the usual ranges a 
completely filled with unvaporized liquid, with vapor ge! 
erated only within the bulb. If bulb is excessively small « 
if tube is excessivey long, cold ambient temperature (1% 
ducing volume of liquid in tube and spring) would leave 
insufficient liquid in bulb where there must always be 
free surface. 

(13)—In the usual arrangement, when any portion of th 
tube or spring is subjected to a higher temperature thai 
that of the bulb, accuracy is destroyed, for the spring re 
acts to the pressure of the higher temperature as long a 
there is any liquid exposed to the hot spot. Capillary bor 
diam. being about 1/50 of bulb I.D., liquid is quickly drive) 
toward bulb. After initial “kick,” in some cases, there ma 
be no permanent error. 

(14) 


Considerably when working pressure is low. 10 ft 
water head 1.33 lbs./in.2. Assuming a high Baumé hydr 
carbon, we get about 3.5 lbs./in.- for every 10 ft. Even mort 
important is total impairment of accuracy when, bulb leve 
being higher than spring and no liquid being left in a smal 
bulb, absence of a liquid surface in bulb makes pointer 01 
pen-arm stay where it is until some liquid gets back int 
bulb. At the higher pressures (upper parts of ranges) the 
hydrostatic effect becomes negligible; and the use of 
transmission liquid sealed off from the active liquid by 
bellows permits installing the bulb at a higher level thar 
the spring. 

(15)—Range characteristics depend on liquid used. Lig 
uids are chosen which will produce a vapor pressure suffi 
cient to assure fair sensitivity at the lower end of thi 
specified range. The upper end naturally depends on the 
critical temperature and critical pressure. 

(16)—Fluid friction in the capillary is negligible, th¢ 
medium being a gas, and the length limitation is impos 
by the temperature errors. In plants provided with roon 
temperature control, longer tube lengths may be used. Som¢ 
makers supply ‘full compensation” systems: see third meth 
od in Note 3. 

(17) 


The largest practicable volume of gas should b 


contained within the bulb and therefore the longest lengt! 
which the applications can take should be specified, eve! 
where maker can supply ‘full compensation.” 
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g. 1. Centralization is made possible by the use of pressure-spring ther- 
meters. (The Foxboro Co.) 


greater distances but in many plants 100 feet is 
ample. The capillaries of pressure-spring thermometers 
must not be cut, whereas no permanent injury is done by 
breaking an electrical conductor. The entire tube-systems 
f pressure-spring recorders and controllers of some makes 
are removable, thereby lessening the ‘convenience handi- 
‘ap’ in comparisons with electrical instruments. 


ermit 


While the maximum length of the connecting tube is lim- 
ited by the filling of the system and by the method of com- 
pensation for tube errors, there is no minimum length. 
Hence the popular “stem” forms of pressure-spring ther- 
mometers (some of which are illustrated herewith) and the 
‘room temperature” or “self-contained” forms of recorders. 
Short-stem dial thermometers have in recent years been 
sold in large numbers for use on ice-cream freezers, on 
Diesel engines and on other classes of industrial equipment 
where for various reasons they have won preference over 
industrial mercury-in-glass thermometers. Of the pressure- 
spring dial thermometers in use, however, it is estimated 
that about 50% are of the remote-reading form. Of the re- 
corders, at least 90% are of the distance form. 

In addition to the information about scales in Table III, 
mention may be made of the possibility of special scales, in- 
cluding the important kind produced by the retard move- 
ments. These seales are extremely valuable in connection 
with processes where the “one best” temperature has been 
determined and is not subject to change. For example, the 
pasteurization of milk. An “open” scale is required around 
the pasteurizing temperature of 148°, 144° or 145°F. Some 
states require a full 1/16” for each degree. The bulbs are 
subjected to the temperature of boiling water when the 
equipment is sterilized, so that the upper end of the scale 
must be, say, 220°F. Milk cooling temperatures must also be 
measured and this requires a lower limit at, say, 30°F. The 
total scale range therefore must be 190 degrees. Multiply- 
ing 1/16” by 190 would give nearly 12” scale length, but 
various mechanical movements, practicable with pressure- 
spring thermometers, provide “milk scales” only 4” long, 
yet complying with the law. 


2. Implications of **Pressure-spring”’ 

In considering the characteristics of the four classes and 
their relative suitability for various applications, it fre- 
quently is useful to think of the instrument proper as an 
ordinary Bourdon gage and to take into account its pres- 
sure range. An extreme example may be cited to emphasize 
this pressure-measurement factor: Imagine a Bourdon gage 
graduated 0-30 lbs./in.~ abs., and calibrated for 
atmospheric pressure. At sea level it will indicate the true 
absolute pressure of any sealed container to which it is con- 
nected; but if used in an airplane, its readings would have 
to be corrected for barometric error. In fact, a gage of such 
iow range could be used as an altimeter. But if a Bourdon 
gage graduated 0-750 lbs./in.2 is used on an airplane, the 


sea-level 





Fig. 2 (right). Mercury, 8” size, 
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Quadrant form, xylene-filled, straight stem. (Mor Met 


Fig. 5 (center) 
Gauge Div., Electric Auto Lite Co.) 
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MECHANISMS 
of pressure-spring 
thermometers 


Mercury system, spiral 
spring, dial form, geared 
movement (Consolidated 
Ishcroft-Hancock Co.) 


Fig. 8 
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barometric difference between sea-level and customary ceil- 


ng will produce an error of less than 1% 
Another extreme example: Imagine a mercury-filled sys- 
bulb, 30” tube and pressure-spring, the 
spring being borrowed from the 0-30 lb. gage referred to in 
the preceding paragraph. In round numbers, the mercury 
column equivalent for pressure is two inches of mercury 
mercury for the 15-lb. sea-level atmos- 
phere. Therefore when the bulb of this system is at the 
same elevation as the spring, the gage reads 15; when the 
bulb is 30 


tem consisting of 


per pound, or 30 


ower than the spring the gage reads zero; when 
the bulb is 30” higher than the spring the gage reads 30. 
Substitute the high-pressure spring (0-750 Ibs. or 50 atmos- 
pheres) and the 60” difference between “bulb higher” and 
“bulb lower,” which corresponds to two atmospheres, will 
of the scale range. 

Still another extreme example: The same mercury sys 
tem, but with a gage having a scale range of 100 to 130 
bs./in.= (or 200-230, or 1000-1030 .. .). If the calibration 
pressure within the system is such that the gage reads zero 
bulb at the same level as the spring, the pointer 
when the bulb is 


move the pointer over only 4% 


with the 


will travel half-way across the scale 


raised 30 
the external and internal pressure errors are 


Conclusion: 


n inverse ratio to the “power” or stiffness of the springs. 


With sufficiently “powerful” springs, designed for suff?- 
ciently long pressure ranges, these errors may be made 
egligible 

This is tantamount to saying that a pressure-spring the 


mometer is a heat engine—which would not be a far-fetched 
for an important characteristic of any system is 
pen-arm 
requisite distance with sufficient force to minimize 
the resistance of friction of pen on chart, the other friction 
factors and the other sources of error. Force times distance, 
that is to say, The comparison on the 
basis of energy is frequently used in the detailed analysis 


analogy, 
the ability to do the work of driving a pointer or 


ovel the 


work, oO! energy. 
of different classes and types of pressure-measuring instru 
instrument geo- 
physical experts having carried it out to a high degree of 
refinement. With 


ments, some aeronautical engineers and 


mathematical regard to pressure-spring 
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thermometers for industrial service the energy quest 

frequently summarized by the assertion that the sprir 
“nowerful enough” or “stiff enough.’”’ A more exact 

marization is to state the obvious rule that— 















































other things equal, the tube-system producing the gre 
est pressure increment per unit increment of tem pe 
ture is the most energetic, 

from which rule certain deductions and rough mental ec: 
lations can be made with the greatest of ease when con 
ative figures (on the various coefficients involved, etc.) 
obtained. An example will be found several paragraphs 
low. Before coming to it, however, it is useful to set f 
inherent characteristics of the 


certain operating 


classes. 


3. Operating Characteristics of the Four Classes 
I—ASSUMING A NEGLIGIBLY SHORT CAPILLARY 
Mercury. The mercury-in-steel system resembles the « 
nary mercury-in-glass thermometer in that the greater | 
of the mercury must be contained in the bulb and 
smaller part inside the pressure spring. The utilized thern 
property of mercury is expansivity. Mercury has the low 
expansion coefficient of the liquids commonly used in pri 
sure-spring thermometers: approximately one-seventh tl 
f xylene, for example. Therefore, considering only this ¢ 








Fig. 10 system recording thermomet 


(C. J. Tagliahbue 


Spiral steel spring of a mercury 
Mfe. Co.) 














Fig. 11. Two springs are seen in this recorder: one is for ambient-tempe 


ture compensation. (The Bristol Co.) 
















coefficient, the bulb length of a mercury system 
be seven times the bulb length of a xylene system 
ge the same bulb diameter, the same range and the 
internal volume of pressure spring) in order to pro- 
the same uncoiling of the same spring for the same 
rature rise at the bulb. However, this small expan- 
oefficient of mercury permits obtaining the same angu- 
leflection from a much smaller spring—which is an 
ntage. Moreover, the extremely small compressibility 
ercury, and the wealth of accumulated knowledge of 
metallurgy, make possible in actual practice the manu- 
ire and standardization of steel pressure springs of 
tively small internal volume for relatively long total 
ths of flattened tubing. The specific gravity of mercury 
ound 15 times that of most thermometric hydrocarbons. 
two kinds of altitude errors would therefore be serious 
was explained above) if it were not for the possibility 
using springs of adequately long pressure ranges. The 
es are of mercury systems uniform, but it must be 
rne in mind that over a leng range (say 200°C. or more) 
mereury expansion departs appreciably from the thermo- 
lynamie temperature scale law. 
Yylene. In a xylene system the same principle of opera- 
tion is used, but the properties of hydrocarbon liquids to- 
rether with practical requirements of design and construc- 





Fig. 12. Mechanism of a two-pen pressure-spring recording thermometer. 
(The Foxboro Co.) 





Fig. 13. Mercury system, spiral spring. Provisions for adjustments plainly 
shown in this figure. (Taylor Instrument Companies.) 
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tion compel the use of relatively weaker springs. Uniform 
scales are provided; in general the deviation of the expan 
sion coefficient from the thermodynamic scale law is neg 
ligible. 

Vapor-pressure. A vapor pressure system makes use of 
the fact that the pressure in a vessel containing only a 
liquid and its vapor increases with the temperature and is 
independent of the volume so long as liquid remains. In this 
class of thermometer, therefore, the “strength” of the pres 
sure-spring must be suited to the liquid and to the temper 
ature range. The scale is “progressive’’—which is desirable 
where one zone is of particular interest and where such 
zone can be the upper portion of the scale. Study Vig. 14, 
which has been drawn in preference to a thousand words of 
text. It may be added, however, that the 0-350°F. scale 
(shown at the right) can be made as long in inches as the 
0-250 seale, even if the same pressure-spring is to be used. 
This is done by adjusting the link ratios, etc. Note that the 
spring (a stiff “thousand-pounder”) will then be worked 
far below its elastic limit. On the other hand, when a low 
pressure spring is used to suit the curve of a low-boiling 
point (low-range) liquid, excessive pressure caused by ex 
posure (of any part of the system) to excessive temperature 
would be injurious. This is true of all systems but the 
danger is greater with vapor-pressure systems as the shape 
of the typical curves shows. To prevent over-ranging, the 
Mason-Neilson Co. employs an auxiliary bellows, “normally 
retained at a constant volume, but which is permitted to 
expand should the system pressure become excessive.” 

Gas. The gas-filled systems utilize the simple relation 
which, for an ideal gas, is: 

Pressure < Volume 
Abs. Temperature ~ 
a constant 
and which is the basis of the constant-volume hydrogen 
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formerly used for high-precision work.* But 


thermomete} 
the volume of a gas-filled system varies with the spring 


deflection. and 
poe rfect”’ 
metals, especially at temperatures above the vapor-pressure 
range limit, compelling the use of “heavy” 
gases which deviate appreciably from the gas laws (though 


hydrogen helium (the ‘nearly 
gases) transpire through the pores of most bulb 


Moreover, 


thermomete1 


less than do liquid-expansion coefficients from linearity). 


The total deviation, in practice, is small enough for the 
nstrument scales to be uniformiy graduated. With regard 
to energy—to the work of driving the pointer or pen-arm 

the gas laws provide two interdependent solutions of the 
problem, namely: make the bulb volume or the initial 
pressure, or both, as high as possible. The user can specify 
the pipe take; the 
provides the highest practicable initial pres- 


as large a bulb as apparatus or can 


manufacturer 


sure (pressure at the lower end of the scale range). The 
gas laws set practical limits to these interdependent solu- 
tions of the problem. Thus, in a system of the customary 


dimensions listed in catalogs, it obviously is impracticable 
complete travel across the 
scale from a 5 That is 
vhy gas-filled pressure-spring instruments are made up for 
l the longer the range, 
that can be used. 


to obtain adequate energy for 


rise 1n one reason 


temperature. 








long ranges: 


temperature 


the stiffer the spring 


Varimum Possible Increment per Unit Incre- 
Temperature at Bulb. This can be roughly calcu- 


expansion coefficients of the liquid and of 


Pressure 
ment or 
ated from the 
the bulb material, and the compressibility of the liquid, 
without need of putting into the equations the actual vol- 
umes these cancel out. The assumption is 
made that the bulb is subjected to a 1° (C. or F. depending 
on the system of units) temperature, and that the 
volume of liquid thereby displaced into the capillary is 
driven back into the bulb by the application of an external 
force to the pressure spring which causes it to “recoil” ex- 
much as it had “uncoiled.” This gives the unit 
pressure increment and the energy factor for full 
deflection corresponding to total seale travel. This treat- 
ment is by no means rigorous, but the percent error in the 
final results remains practically constant in a series of 
computations, so that for comparative purposes this rough 
method will serve. For example, starting from the follow- 
ing data 


involved, since 


rise in 


actly as 
hence 


Ratio of compressibility of mercury to organic liquid 3.7 to 145 
Ratio of expansion coef. of mercury to organic liquid 18 to 163 
Bulb material for each: steel (exp. coef. in same units, 35.7) 


we obtain 600 Ibs./in.- for mereury and 150 lbs./in.* for the 
organic liquid considered in this example. 


Thermometric Lag. A compromise must be made ir prac- 
tice between the requirement of a long pressure range for 
a conveniently short temperature range, and the wall thick- 
the bulb. The greater the bulb-wall thickness, the 
relatively unimportant in 
the case of indicators and recorders, but it becomes impor- 


ness of 
greater the lag. This lag may be 
tant when the bulb is the primary element of an automatic 
control system. 

must be designed with 
spring characteristics suited to the relation of temperature 
to vapor pressure of the filling, these systems are simply 


Since vapor-pressure systems 


not used on applications requiring springs as stiff as those 
possible with mercury systems. In such applications, there- 
fore, thin-walled bulbs may be used. Thus the general state 
ment can be made that the vapor-pressure class systems re 
It must be empha- 
in the inherent superiority 
thermometeric 


spond more quickly than do the others. 
sized that the reason does not lie 
d vapo} 


pressure curve as a property 
f a substance. 

The gas-filled actually manufactured, 
considering the various design factors, are the slowest. 
systems, as manufactured, are faster than 


manufactured. 


systems, as and 
The mercury 


the xylene systems as 


*The Norn Hydrogen Thermometer was used as an official 
ndard until 1927, since when the National Bure 1 of Standards 
similar institutions |} been using resistance thermometers, 
} P et py! ‘ Ss al optical pyrometers. See Chapter T, 
The International Te perature Seal 
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Differential Pressure Effects. In the use of mereu 
glass thermometers, experience shows that the fluctua 
in ordinary barometric pressure become a source of 
as the bulb walls are made thinner (to minimize lag) 
as the bulb volume is made larger (to shorten the rar 
The reason is that for each temperature there is a def 
equilibrium pressure of the gas above the mercury thi 
A precision mercurial thermometer may show an erro 
5% of its scale range when used on an airplane fi 


at the altitude prescribed for airliners. In the us 

pressure-spring thermometers, the analogous source of 

ror is the differential pressure between that surroun 
Fig. 15 





























C — MEASURING ELEMENT 
C)- COMPENSATING ELEMENT 


A - BULB 
B — CAPILLARY TUBE 


Bi— COMPENSATING TUBE 
D — COMPENSATOR 


Bo - ANNULAR-CAPILLARY TUBE E — poInTER 
(SELF-COMPENSATING) F —INVAR wiRE 


the bulb and that surrounding the rest of the system. Th 
effect may be ascertained by simply screwing the bulb int 
a section of pipe or other suitable vessel connected with 
gage tester or with any source of controlled pressure. It 
negligible, as a rule, when the bulb is of rugged constru 
tion. The use of separable sockets, likewise, ‘“damps” 1 
variations of pressure which can affect the bulb. 
Compensation for temperature fluctuations at the loca 
tion of the instrument—the ‘“‘head” of the system, contai! 
ing the pressure-springs—is known as head compensatio 
and is embodied in the mercury, xylene and gas-filled pres 
sure-spring thermometers, its usual form being a bimetall 
element between the spring and pointer or pen-arm. In the 
only required in excep 


vapor-pressure instruments it is 


tional cases. 











Diets hae THERMOMETERS 


foregoing discussion of charactistics has purposely 
ered the systems as consisting of bulb and spring Gas or V apor Fills 
ted by a capillary too short to be of consequence. 

increasing size of processing units such as fraction- 


° ° s 
towers, etc., as well as the increasing tendency toward Dial-Indicating 
lized control boards in all industries and in public Thermometers 

, have not only made the “tube error” a factor of 
tance but have led to the embodiment of various in- 


, ies : Scale Range: 0 to 1000 F. 
us schemes of “partial compensation” and “full com- 3 


ition.” The relative merits of various makes cannot be isliSie: 60 Diameter: 

issed here. Nor can even a small number of patented 

ems be shown in diagrams and their features discussed. Types: Long Distance (as illus 
ever, under the auspices of the Committee on Instru- trated) and Stem Types. 

ts and Regulators of the Process Industries Division of 

ASME, there was presented in 1938 a paper* containing For Complete Data and Prices writ 
liscussion of various general types of compensating for Free Bulletin No. G302-2. 





emes, and this paper appeared in the Transactions of the 
SME. From this publication of a national engineering: so- 
ty, therefore, it is appropriate to reproduce some of 
e schematic diagrams. Figs. 15 to 20 inclusive are from 
source, but the present writer has made some slight 
rations, which he believes will be found acceptable to 
everyone concerned. 
Figs. 15, 16 and 17 apply equally to the mercury, xylene 
d gas systems; Figs. 18, 19 and 20 apply only to the 
ipor-pressure Systems. 
In Fig. 15 there is shown the usual short-tube mercury, 
xylene or gas system, with a device )) which compensates 





‘\ Recording 
Thermometers 


; Chart Ranges: 0 to 1000 F 
} Chart Size: 11" Diameter 
Chart Divisions: 10 


Chart Drive: Spring - wound 


or synchronous motor driven 








for the effects of temperature on the volume of liquid or r . clock. 
as in the spring. a ‘, f 1 
Fig. 16 illustrates a method of full compensation employ- 4 i For Complete Data and Prices 
ng a second pressure spring, the capillary tube of which \ 4 — ni a 
. Ae , b"hLe 


runs the full length of the main capillary tube, stopping 


short at the bulb. The proportions, pressures, linkage de- W, 
ign, ete., are such that a given change in temperature along heeles Insthuments Go. 


~ 





- 2 fs . 3 1929-33 S. HALSTED STREET ° . CHICAGO. ILLINOIS 
the main capillary, producing a certain deflection of the 
easuring element, produces also an equal and opposite 
effect on the pointer or pen-arm. The second “capillary” need 
not itself be a second tube enclosed in the outer protecting 
armor or flexible tubing: it may be the annular space be- coefficient; the wire is made of one of the invar type alloy 
tween the transmission capillary tube and an outer tube. the annular space between tube and wire is a capillary con 


Fig. 17 is a simplified diagram of a system brought out nection between bulb and pressure spring. This annular 
n 1921 by one company, but made in slightly different volume, therefore, has a differential coefficient of expansion 
forms by different companies. The tube is made of an alloy which is designed to equal the expansion coefficient of the 
(a ferrous alloy for mercury) of relatively high expansion mercury, organic liquid or gas, allowance being made for 

pressure effects. 

*L. G. Bean, Sales Manager, The Bristol Co. “Pressure Type In the vapor-pressure systems, the tube errors are radi 


Thermometer Systems.” Trans. ASME, Vol. 60. No. & Nov. 1938 +e : 

nete ys Ss. ‘ , ’ 0, , re y ere t bie 7 ere re uc < S Cc S 4 
pages 657-663. Abstract: Instruments, Vol. 12. Nov. 1939, pages cally different ambient temperature fluctuations causing 
18-300, temporary errors, as explained in the notes accompanying 
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Table III. The principal source ot error is generally caused 
» absence of a liquid surface in the bulb, and this may 
ecur not only by reason of long capillaries but even from 
failure to follow directions pertaining to position of bulb. 

Fig. 18 shows the customary arrangement, in which the 
chief design precaution is simply to have the capillary ex- 
tend into the liquid. 

Fig. 19 


author of the 
designates as the 


what the ASME paper 
“adjusted” type. The principal difference 
is the provision of a larger bulb. 

Fig. 20 shows a design in which a transmission liquid is 
sealed off from the thermometric liquid selected fo. 


ts vapor pressure curve. The sealing is effected by a flex- 


represents 
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ible member, a bellows form being shown in the drawing. 
This permits the use of long capillaries because tempera- 
ture fluctuations along the capillary or at the head of the 
system do not appreciably alter the characteristics. (The 
vapor-pressure principle, of course, is that the pressure of 
a vapor in contact with its liquid is independent of the 
volume.) The only possible source of error introduced by a 
sealing member arises from the fact that such a sealing 
member cannot be ideally slack. (We are not considering 
accidents such as leaks.) 

Long capillaries may give rise to errors, at low 
of ranges, when the bulb and spring are at variably differ 
ent elevations: the pressure at the spring is the algebraic 
sum of vapor-pressure in bulb hydrostatic effect of 
liquid. Study Fig. 14. 


regions 


4. Miscellaneous Notes 

The motive power of the system may be made to actuate 
the pointer, pen-arm, or other element, either directly or by 
intermediate The direct 
indication method would seem to possess the advantage of 
simplicity, and other mechanical advantages, but impressive 
arguments in favor of various movements make manufac- 
literature interesting as instructive 


means of mechanical movements. 


turers’ sales well as 
reading. 
Springs. There is no such thing as a perfect spring 
spiral, helical, volute, Bourdon, diaphragm, bellows, capsu- 
lar, etc. Nevertheless, instrument designers and metallurg- 
ists, after working together for years, have developed quan- 
tity-production springs that show excellent pressure-deflec- 
tion graphs—with hysteresis loops no thicker than a soft 
pencil line on a letter-size sheet of codrdinate paper. Ther- 
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mometer springs are subjected to such severe servics 
they lose their initial characteristics in the course of 
(A watch hair spring may oscillate millions of times 
still help the watch keep good time, but this is not a 
comparison. In the first place, the variations in the ela 
ity of a hair-spring are largely compensated by the 
chronous dead-beat escapement and balance wheel. In 
second place the area stresses in thermometer springs 
much greater fractions of the elastic limit.) Sensitivity 
pends on the amount of spring deflection energy per. 
change in temperature. If multiplication (mechanical n 
ments) or magnification (long pointers) are carried 
far, they impair accuracy by accentuating both hyster: 
and non-linearity. 

All springs “fatigue;”’ 
others. 


some materials are better t 
When non-lin 
ity sets in, there is nothing to be done about it in a dirs 
connected spring-and-pointer instrument; but in its effe: 
may be minimized (or sometimes fully corrected) by a s 
tem of adjustments, necessarily comprising a plurality 
screws, levers, bearings, and other such elements which, 
course, may wear, collect dust, etc. It is not a “choices 
two evils,” for the errors—both of fatigue and of wea) 
are seldom of consequence in industrial work. The choic 
any construction should rest on the intended use of t!} 
instrument: If for a small part of the range, the simplest 


“Complicated” vs. “simple” movements. 


——-—he 
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Fig. 21. Principal Forms of Bulbs, Connect‘ons and Sockets for Industr 
Pressure-Spring Thermometers (Taylor Instrument Companies). 

Illustrations show products of one manufacturer but following discussior 
applies to various makes 

A—Plain bulb, adjustable clamp flange by means of which bulb may be 
Positioned any distance from wall er cover through which tube is passed 
Suitable for air and gas temperatures when circulation is adequate, but 
mostly used for tanks—being inserted from top. The flange may be replaced 
by an adjustable (‘‘split’’) union connection hub for insertion through the 
top of such equipment as pasteurizers, etc., where sides and bottom are 
steam-jacketed. The bendable extension bulb is similar in appearance but 
the distance from connection to bulb is not adjustable and the connection 
pressure-tight. 

B—Long capillary bulb, sometimes known as super-sensitive, sometimes 
formed as a helix with a stiffening rod at the axis, for air or gas tempera 
tures. When vapor pressure, “hottest spot’’ temperature affects pressure 
spring: liquid expansion or gas filled bulb ‘‘averages’’ temperature 

C—Union connection—most popular fitting—permitting easy installation 

D—Same, but with extension neck between pipe thread and wrench-head 
for use on lagged equipment. 

E—Separable socket connection. Remains pressure-tight when bulb ts witt 
drawn and protects bulb from corrosion, etc. 


forms may do, because any thermometer may be adjusted 
for accuracy at one point. If permanent accuracy to withi! 
1% is desired throughout the range, the wisest investment 
may turn out to be an instrument of higher first cost an 
which requires careful attention every few months or so 

Inaccuracies resulting from careless specifications whe! 
ordering give the greatest trouble in service. Table III a 
the notes should obviate this. Just one example: In specify 
ing a gas-filled pressure-spring thermometer get the larg 
est available and convenient bulb volume, and specify the 
minimum usable tube length regardless of hazy possibilit) 
of future use on another application calling for a longs 
tube. If for a walled or jacketed application don’t save 
few dollars and get a bulb so short that it will measure th: 
temperature of the wall and not of the flue gases or wh: 
ever there is within the enclosure. 

The possible effects of accidental breakage may be 0! 
interest to the man. A gas-filled system be 


process can | 
I 



















d by a clumsy workman without the escaping gas 
ig machinery or equipment or contaminating edible 
ets, chemical mixtures, etc., since nitrogen is commonly 
The same cannot be said of other fillings. 
le III gives the material with special reference to the 
While any bulb may be protected by a separable 
of any metal or alloy, and while it may be lead- 
ed, or tinned, or plated with chromium or other metals, 
ipillary must not be forgotten. The capillary may be 
ected by any one of a great variety of tubings 01 
rs—spiral, woven, lead, etc. The exposure of the tube 
estructive influence is sometimes overlooked in specify- 
the instrument, resulting in rapid deterioration of in- 
ments that should give many years of satisfactory 
ice. The strength of the tubing—whether single or com- 
d—is another consideration. Mention may be made of 
unique phosphor-bronze capillary tubing, standard with 
manufacturer, which is originally round in cross sec- 

n, then squeezed to a square, then the sides of the square 

squeezed in, resulting in a ‘‘four-pointed star’ cross 

‘tion, producing a small bore area and increasing flexibil- 
, without (it is claimed) decreasing strength. 

Bulbs, Sockets, and Connections—All of the ingenious 
tvles described above under ‘Industrial Thermometers” are 
vailable with pressure-spring thermometers, except such 
tyles as “bare-bulb” and others peculiar to industrial glass 
ermometry. In addition, there are “long capillary” bulbs 
pplicable to rooms, ovens drying compartments, ete., and 
ther styles possible only with distance thermometers. 
mong these latter may be mentioned the “bendable exten- 
on” allowing the bulb to be out of line with the axis of 
the pipe-thread connection, the elbow connections (plain or 
vith lead-covered funnel for corrosive exposure} and spe- 
al bulbs, sockets, and connections for various specific in- 
ustrial applications. 
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CHAPTER VII 
RESISTANCE THERMOMETERS 


1. Characteristics 

This last group in the thermometer division of industrial 
instrumentation possesses one important advantage ove! 
the other groups: the primary element may be disconnected 
from the indicator, recorder or controller. 

Therefore a number of resistors (‘‘bulbs’”) placed in 
widely separated locations may be successively connected 
to one electrical measuring instrument. This centralization 
is of importance in industrial work where comparisons of 
temperatures are desirable at a moment’s notice. In cold 
storage work, thirty or more bulbs are not uncommon for a 
single indicating instrument. 

It also is possible to obtain instruments so calibrated that 
direct readings can be taken showing either (a) the ave? 
age temperature of two or more points, or (b) the differ- 
ence in temperature between two points. 

The lowest temperature accurately measurable with in- 
dustrial forms of resistance thermometers is about —165 
C. (—830° F.); the highest about 1000° C. (1800° F.). 

While pure platinum continues to be the standard for 
precision work, resistance elements with pure nickel or pure 
copper coils are much more widely used in industry today. 
There has even appeared a liquid resistor—an electrolyte in 
thin glass tubing—claimed to possess distinctive advan- 
tages. 

The intrinsic accuracy of the resistance thermometer is 
so high that under laboratory conditions the 
thermometer is used as the International Standard between 
-190°C. and 660°C., but a resistance thermometer is more 
“complicated” than a mercurial or pressure-spring ther- 
mometer and therefore industrial service may cause large 
errors through poor contacts, rough handling, deterioration 
r contamination of the platinum, copper or nickel, defective 
nsulation and other causes difficult to prevent altogether in 
plant service. In good hands and when the precautions rec- 
ommended by the manufacturers are taken, the accuracy 
vill be better than that of any other grou pof industrial 
temperature instruments. It is stated by one manufacture} 
that “at 32°F. the accuracy is +1/10°F.” This is an ordi- 
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If you operate a heating plant, a refrigera 
tion or an air conditioning system, 

have plant processes where accurate tem 
perature information between minus 50 I 
and plus 400°F. is important, it will pay 
you to get full information on “Alnor 
Resistance Thermometers. It is very likely) 
that Resistance Thermometers will prove 


more desirable, more accurate and per 





haps even more economical than any 
other type of instrument 
With the Resistance Thermometer the 
instrument can be located in the superin 
tendent’s or chief engineer's office several 
hundred or even a thousand feet away 
from the heat zone thus providing a con 
stant checkup on temperature without 
loss of time. Ordinary copper wire is used 
to connect the element to the instrument 
Alnor’ Resistance Thermometers are 
made in various types, portable or mount 
ed, single or mulu-point 
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Fig i 2 g iracter!s of electrical thermometry is that one 
st ‘ serve f nts Thwing-Albert Instrument ¢ 
ndust nstrument. There are commercially-avail 
ible precision calorimetric and other special-purpose resis 
t ce thermometers 
! | 1 tru 
q tion ti 11 staune 
j " f 7 t} 
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Where accurate temperature measurement is necessary, 


steam work, calorimetry, determination optimum 


in t] habit 
resorting to the etched-stem laboratory thermometer im 
forgetting that the 


as 


in 


rocess temperatures, etc., Many engineers are ¢ 


f 


mersed in a mercury well, sometimes 











mercury-in-glass method of thermometry is subject to « 
and requires corrections when extreme precision is re 
whereas resistance thermometry to 
following comparison: 


would seem be } 
able, as will be seen by the 

1. Stem Ex posure The 
ter with compensated leads depends only on the tempx 
of the coil and not on the temperature of the stem, pn 


reading of a resistance then 


that the immersion is sufficient to avoid errors due t 
duction or convection along the stem. 
2. Aging effects of mercurial thermometers arise « 


from the small expansibility of mercury combined wit 
relative instability of the tube. In 
mometry, the tube of quartz or other material, whic] 
tains the coil, has nothing to do with the reading, 


glass resistance 
ar 
effect of any possible strain of the fine wire of the « 
minimized by 
perature coefficient of resistivity, which is more than ty 


its small dimensions and by the larg 
times greater than the coefficient of apparent expansi 
mercury in glass. It is not surprising, therefore, that 
creep of a resistance thermometer should be practically 
ligible, provided that the not strained or 
nated. With ordinary care, changes of zero due to exp. 


wire is cont 
are less 


than the limit of accuracy of observation 
3. Pressure effect of change of } 


The 

on a resistance element of the ordinary tube form is n 
negligible. Even if the wire is naked and directly ex 
to large changes of pressure, the effect is extremely s) 
and it 


Correction res 


is known. 

1. The only source of error “analogous” to the irrem 
able effects of capillarity which 
cate mercurial thermometers, is friction in the galvanon 
instrument, but this troul 
some and generally remediable. 


are troublesome with 


or other electrical is seldom 


2. Primary Elements or ‘‘Bulbs” 

The operation of a resistance thermometer depends uy 
the variation with temperature of the resistance of an ¢ 
trial conductor. The primary element, responding to t 
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e, is generally a resistance coil or spiral. This coil, 
with its frame, tube and other necessary acces- 
is itself called “the thermometer” in some _ publica- 
ut in industrial work the entire primary element 
mply be called the “bulb.” 
industrial service, the resistance coils are made of 
im, of nickel or of copper. In a common form of 8- 
atinum coil, fine wire is wound upon a frame made 
ssed strips of thin mica notched at the edges to hold 
re in place. From the ends of this coil, lead wires of 
um or gold are carried to the “terminal head” where 
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Fig. 2. Typical Industrial Forms of Resistance Bulbs, etc 


A-—Contact Plate “Bulb 
Engelhard, Inc.) 

B—Protected Nickel Coil Bulb. (Leeds G& Northrup Co.) 

C—Wall Type Sensitive Bulb for Temperature. (Foxboro Co.) 

D—Flattened Protecting Tube Bulb. (Leeds G Northrup Co.) 

E—Nickel Coil Bulb with Rubber-Covered Leads. (Leeds G Northrup Co.) 

F—Separable Well or Socket (Leeds & Northrup Co.) 


for Bearings, Insulation, Hot Plates, etc. (Chas. 


the binding posts are fixed. The lead wires are insulated and 
held apart by mica disks through which the wires are 
threaded, and which serve to minimize convection. The coil 
is protected by a porcelain or quartz tube which fits into 
the terminal head. For industrial use the refractory tube 
itself may be enclosed in a strong sheath or well as in the 
case of “industrial” and pressure-spring thermometer bulbs 
which are enclosed in bulb chambers and separble sockets. 
In another form, a 50-ohm coil of fine platinum wire is 
vound upon a fused quartz rod and fused inside a quartz 
tube, so that the platinum is entirely embedded in quartz. 
Gold leads are carried from the coil to the terminal head. 
Che fused quartz insures high electrical insulation, while 
till preserving excellent heat conduction. This form of bulb 
s compact, and the platinum is thoroughly protected against 
leterioration. Transparent fused quartz is unattacked by 
ost acids and may be subjected to violent temperature 
anges without cracking. 
The variety of primary elements for industrial applica 
ms is so great that space limitations prevent a classified 
st. Suitable bulbs are available for indoor or outdoor at- 
ospherie temperature, refrigeration work, steam work, 


ectrie transformers, ovens, dryers, bearings, oil baths and 
"A specific term is obviously needed. In thermoelectric J t 

re is been a movement to call the essential elements of ther- 
ouples “thermels.”” Recently, the Leeds & Northrup Co. | been 

signating its resistance-thermometric primary element Ther 


s i name which this writer likes. 
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other metallurgical applications, ete. Copper-nicke!] 
round or flattened, are available for feed water heat: 
lines. Separable sockets, in which a number of bulb 
interchangeable and which themselves have standard + 
or flange connections, are used against corrosive condit 
against pressure up to 1500 Ibs./in.- or higher. 


3. Lead Systems 

Two, three or four bindin,z posts on the bulb te) 
heads, or cables issuing from the outlet, of the var 
forms of bulbs, always interest the student, often puzzl 
prospective purchaser; and the different methods of 
they are the visible embodiment give rise to interesting 
cussions pro and con. The choice should depend upo: 
precision desired, the distance from bulb to instrument, 
working range and other requirements of each applicat 
The following is a brief and excellent exposition of the 
iect from Bureau of Standards Technologic Paper No. 

If only two lead wires are carried from the thermomet 
coil to the indicator, the resistance measured is the sun 
the resistance of the coil, the platinum or gold lead wire; 
the head of the thermometer,* and the copper lead w 


Fig. 3. The fundamental 
Wheatstone bridge circuit 
of the resistance thermom- 
eter. (P. A. Borden) 

















AIF 


from this point to the indicator. The resistance of the plat 
num or gold lead wires will depend upon the form of ten 
perature gradient along the thermometer from the bulb to 
the head and upon the depth of immersion. Hence this vat 
able resistance is introduced into the temperature measurs 
ment, and changes in the resistance of the lead wires will b 
interpreted as changes in the temperature of the thermom« 
ter coil. There are three general methods for minimizing 
eliminating the effect of variation in lead resistance. 

1. Use of a Coil of High Resistance—The resistance 
the lead wires from the coil to the thermometer head a1 
the variation in resistance of the copper lead wires are sma 
compared to a 50-ohm platinum coil. Hence such variatio: 
in resistance as are likely to occur do not introduce serious 
error. Thus, only two lead wires are necessary, from the 
thermometer to the indicating instrument. 

2. Compensating Lead Wires of the Callendar or Sieme« 
Form—Both of these methods of compensation are applic 
able to measurements made with the Wheatstone bridge 
The Callendar form of compensation requires four lead 
wires. Two of the lead wires joined to the end of the co 
are connected in one arm of the bridge, and the other tw 
lead wires, which are “dummy” leads formed of a singl 
loop of wire extending to the top of the coil, are connect 
in the corresponding arm of the bridge. The two sets of lea 
wires are alike, so that variations in temperature affect eac 
set similarly. The Siemens method of compensation require 
three leads and is more often employed industrially in tl 
country. 

3. Potential Terminals—The use of potential terminals 
necessary when the resistance of the thermometer is mad 
very low or when the precision required is such as to ma 
variations in difference of lead resistances inadmissable. 


4. Measuring Systems 

The measurement of the temperature to which a resis 
tance thermometer bulb is exposed is simply a matte 
measuring its resistance. Electrically, a number of method 
are possible. Practically, owing to the need of some syste! 
»f lead compensation and in order to have the temperatu 
indicated on a convenient instrument, the methods are lin 
ited to a few. The ultimate instruments are usually 

*In Bureau terminology “thermometer” refers to what Is 

nly illed resistance element or “bulb.” 








ird forms applicable to other purposes than resistance 
ometry. On the other hand, the measuring systems, or 
\ds, of which these instruments constitute the last ele- 
are, in modern practice, especially worked out for 
ance thermometry. 
simplest possible method, involving no lead compen- 
is the familiar Wheatstone bridge, with the bulb 
tor connected to the instrument by two conductors, the 
tance of which is added to that of the measuring re- 
Fig. 3 is from an A.I.E.E. paper* to which readers 
ested in various types of industrial electrical measure- 
ts are referred. 

y descriptions of the standard circuits, the National 

au of Standards is again quoted: 

Three-Lead Wheatstone Bridge Method—Fig. 4 illus- 
tes the wiring diagram for a simple Wheatstone bridge 
| thermometer with the Siemens three-lead compensation. 

platinum or gold lead wires C’d and T’e in the ther- 
ymeter are constructed of as nearly the same resistance 
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Lead Systems for Electrical Resistance Thermometers 
(Reproduced from Bureau of Standards Technologic Paper No. 170) 
as possible and the copper lead wires CC’ and TT’ must 
also be of equal resistance. The battery B is connected be- 
tween the ratio arms 7; and re of the bridge and to the 
compensation lead wire cd. A sensitive galvanometer G is 
connected to the points f and g, as illustrated. By changing 

the bridge is balanced until the galvanometer shows zero 
deflection. Whence from the principle of the balanced Wheat- 
stone bridge we obtain the following relation: 


r ‘ 
If 7; is constructed equal to 72 then since Cd Te, re r4. 
Hence the measured resistance is independent of the resis- 
tance of the lead wires. 

2. Four-Lead Potentiometric Method—Fig. 5 illustrates 
the wiring diagram for a four-lead thermometer used with 
a potentiometer. The current, adjusted to a suitable value 
by the rheostat 7;, flows through a resistance standard R 
and the thermometer coil ry. The potential drops across R 
and ry are measured by the potentiometer. Whence from 
Ohm’s law, e/R e'/rs where e and e’ are the potential 


P. A, Borden. Electrical Measurements of Physical Values 
i J.2.B.. Vol., 44, 1925, y& 


ansacttons pages 2358-262 








. what insulation should be used on 
Thermocouple Lead Wire subjected to 


taramocour Corrosive Atmospheres? 
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drops across R and ry respectively. Thus, knowing e, . 
R, the coil resistance 7; is readily obtained. The re 
R may be made adjustable, so that by varying R w 
e’ the dial setting gives directly the value of r; k 
method is useful in precise laboratory work. 

3. Deflection-Galvanometer Method—tThe bridge n 
so far described require the adjustment of the brid 





the galvanometer shows zero deflection. The temp« 

is then read from the setting of.the dial or slide wir 
possible, however, to use an unbalanced bridge wit] 
ristances fixed, except that of the thermometer, wl 
pends upon its temperature, and the temperatur« 
tained from the scale reading of the galvanometer. |] 
shows the wiring diagram for an unbalanced Wheat 
bridge. With the switch S thrown to the right we hav 
simple Wheatstone bridge, except that the resistance 

ro and ry, are fixed. At a certain temperature of the 
mometer—for example, 10°C.—its resistance is suc] 
the bridge is balanced and 73/7; =74/rz. If the tempera 
of the thermometer increases, its resistance increases 
the bridge is no longer balanced. Thus a current fl 
through the galvanometer, producing a deflection. h 
eral, the deflection of the galvanometer depends upor 
factors—the temperature of the thermometer and the 
rent flowing from the battery B. This current is adju 
to a definite value in the following manner. The switch 
thrown to the left, thus replacing the thermometer by 
fixed resistance of such magnitude that suitable value 
the current from B deflects the galvanometer to its f 
scale deflection or to a normal point marked on the scak 
The resistance R is adjusted until the galvanometer deflect 
the proper amount. The switch is then thrown to the rig 
and, since the factor of variable battery e. m. f. or curre! 
is eliminated by this preliminary setting, the scale of tl 
galvanometer may be empirically graduated to read direct 
the temperature of the thermometer. Thus no further 
justments are necessary as long as this current remains 
the proper value, and any temperature is readily observ 
without the necessity for balancing required in the ordina) 
bridge. It is possible to have two or more temperatu 
scales on the galvanometer. When two scales are provid 
—as, for example, 0° to 300°C. and 300° to 700 C.—one 
the arms of the bridge is made adjustable to either of t 
resistances, one giving zero deflection for a thermomet 
temperature of 0°C. and the other zero deflection for a te 
perature of 300° C. 
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Fig. 7. Circuit of The Bristol Co.'s 
three-wire, deflection-indicating sys 
tem. Resistance of M equals that otf 
X at top of temperature range; that 
of S equals minimum-reading value 
of X. A and B are equal. Periodical 
standardizing is effected by throwing 

switch F to “1” and adjusting RH } 
until galvanometer pointer comes to 

point “S’’ marked on its scale 


BLACK WHITE) REO 
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It seems fairly well established that for industrial a} 
plications the three-lead system with balanced Wheatst« 
bridge possesses the greatest adaptability, in addition 
its obvious advantages as a measuring system. Nevert! 
less, the actual design and construction, and resultant cha 
acteristics, of commercially available instruments and a 
cessories are factors of importance. There are recognizt 
grades of resistors, as well as various ohmic values. So! 
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Circuit of the Thwing-Albert Instrument Co.'s three-wire, detlection 
ting system. K,, Keo, Rs, are three fixed resistors. Kr is a fixed 
ice used for testing calibration of instrument. Re is a fixed and RK 


ble calibrating resistance tor compensating variations in battery cmt 


lard resistors are made up in individual coils, each in 
ermostated oil bath: they are replicas of the interna 
al standards. There are laboratory bridges, and there are 
<pensive portable sets designed for rough field service. 
ypes of Indicating Instruments. Industrial resistance 
rmometers may be classified by their forms, ete. (see 
ipter II) but electrically they are all bridges; thus there 
three types of equipment: 
(1) “Unbalanced” Bridges: Deflection Methods.—While 
unbalanced bridge is usually condemned in electrical 
boratory practice, it must be remembered that industrial 
nperature ranges are relatively short—which means an 
ceptionally short resistance-measuring range and nullifies 
most objections. Many instruments of this type are on the 
market. Those designed for industrial temperature meas- 
rements—and sold with a choice of primary elements and 
ther aeccessories—represent specialized research and devel- 


pment; hence should be considered trustworthy. 

(2) Null Method, Manually Balanced.—Most of these are 
the conventional table models, which are further subdivided 
nto plug-out, decade dial switching, slide-wire, and combi- 
nation. There have appeared also (a) portable outfits for 
ndustrial—rather than commercial—services; (b) switch- 
board models requiring no batteries and approximating the 
self-balancing instruments in other ways. 

(5) Null Method, Automatically Balanced.—These are 
slide wire bridges, designed for permanent installation, in 
which the galvanometer commands a_servo-motor-driven 
mechanism which restores balance and at the same time 
re-positions the indicating element. 
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Fig. 9. Circuit of the Leeds & Northrup three-wire, null-method, manually- 
balanced bridge. Resistors §; and $» with sliding (potential-point) contacts, 
ire mounted on one disk. Resistance values are such that ratio a/h is always 
unity. Disk is rotated to make galvanometer read zero: thus balance is 


established between r and ‘‘Thermohm, and temperature is read from scale 
rotating with disk 


Recorders. The parallel development of self-balancing 
bridges and potentiometers for industrial service has made 
available dual-function electro-mechanical assemblies which, 
considered as recording instruments, are practically identi- 
cal whether for service as bridges or as potentiometers. 
They will be described under pyrometers in the next chapter. 
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Foundations of Temperature Measurement 


(Concluded from page 236) 


At high where 


element sends out 


temperatures metals are 
(or cuts off) a jagged hill made up of a 
series of vertical lines, like a business-conditions chart. 
The behavior of the continuous-spectrum hill broadcast 
by a perfect black body has two distinct properties. In the 
first place, if we draw the hill with a uniform scale of wave 
lengths for zero elevation, we notice that the crest of the 
hill is never in the center of the spectrum, but always over 
toward the short waves. The short-wave slope of the hill is 
sharp, the other slope gentle—so gentle that although the 
spectrum may extend to relatively long waves the elevation 


vapors, every 
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is so low that we need not draw it when we draw a cross 


section of the hill. In the second place, as the temperature 
of the 
toward the short wave-lengths. This is true of all ordinary 
bodies, all of which begin to glow dull red at about 1000°F. 
We have to say “at about” because the red sensitivity of 


black body increases, the crest of the hill moves over 


human eyes varies. 

With a further increase in temperature, the body becomes 
yellow hot, then white hot, and certain stars are “blue hot,” 
meaning that the crest of the hill is in the blue end of the 
visible spectrum, or even in the ultraviolet. 

Thus did the numerous investigators represent by charts 
and exact figures two distinct effects which had been ob- 
served from ancient times, that the brightness of an incan- 
descent body increases with the temperature, and that its 
color changes with such an increase. 

It is 
these two effects. It is equally important to bear in mind 
that they are related. 


important to bear in mind the distinction between 
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This means that the two problems—of making a 
ness pyrometer and of making a color-change pyron 
must have a common solution. 

The perfect solution would be one equation defini; 
infinite series of contours of the hill, from where it is ; 
gentle mound in the infrared, to where it is a high 
tain with a needle-like peak in the ultraviolet. Long 
the nineties, mathematicians were supposed to be a} 
write the equation of a line-drawing of a human fac 
equation of one hill was an elementary exercise fo; 
teurs; the equation of the growth of a hill shouldn’t 
difficult trick. 

But the equation had to fit the known facts, one of 
was that the sectional area of the hill varied as the fi 
power of the absolute temperature. That’s why we need 
remember the names of the early surveyors and must 
member Wilhelm Wien. 

It was Wien who first gave a two-fold answer—not 
final answer but one which first permitted calibrating « 
cal pyrometers for a relatively short but nevertheless usef 
range. His answer consists of two harmoniously relat: 
equations. One is the Wien Displacement Law which sin 
states that the product of the absolute temperature and t 
peak energy is a constant. The other is the Wien Distrib 
tion Law which plots the contours of the hills—not perfect 
but accurately enough for the combination of: (1) wave 
lengths which are visible and (2) temperatures which pr: 
vail in furnaces. (Wien’s law doesn’t fit the facts for larg: 
values of temperature wave-length.) The first part 
that equation gives the height of the crest of the hill: this 
maximum varies as the fifth power of the absolute tempera 
ture! (No wonder brightness increases twenty times fast 
than temperature at “white-hot” temperatures!) The sec 
ond part defines the shape of the hill. Neither part can b 
used alone because wave-length appears in both, but it’s th 
first part that’s in mind when references are made to the 
Brightness Law or the Fifth Power Law. 


Now for some real excitement. 

In 1896, the announcement of the Wien distribution law 
and the discussions of its shortcomings started a race f 
the honor of formulating a law that fitted the facts at al! 
temperatures and at all wave lengths. Lord Rayleigh (n¢ 
J. W. Strutt) first forged to the front; then Sir James 
Jeans took the lead; then at the turn of the century it be 
gan to look like a tie between these two; and the world-wid« 
spectators, thrilled by the English racers, failed for severa 
years to see that a German starter was coming closer to the 
finish-line. And no wonder! This new runner, Max Planck, 
was beginning to propose equations based on assumptions 
so remote from common experience—assumptions so unveri 
fiable, so fantastic, that his nearness to the finish-line coul 
not be measured by the accepted rules. 

To see why Planck found it necessary to make these as 
sumptions, we only need to take a quick look at the condu 
tion-convection ideal body and at the radiation ideal body, 
and observe how different they are. 

Carnot’s body is an ideal gas. It gave rise to the kine 
theory. Heat turned out to be a statistical effect of the kin 
tic energy of moving particles. Maxwell’s laws, describing 
the distribution of their velocities and energies, were sta 
tistical laws of mathematically perfect precision. The pi 
ture of the Carnot-Kelvin idea] body, therefore, was a | 
ture of a swarm of little billiard balls. Each billiard ball, 
course, could possess any level of energy at any given tin 
To assume that an atom’s energy could be “1000” or “1001 
but could never be “1000.435” would have been ridiculou 

On the other hand the picture of radiation was that of 
perfect continuity—like the ancient idea of a liquid befor 
anyone thought of atoms. Not only was the spectrum its¢ 
absolutely continuous but the energy-content of any infil 
tesimal wave-length interval could be anything from ze! 
up. And THEREFORE, the amount of energy sent out, f 
example, by an individual atom in the sun and absorbed 
an individual atom on earth, could be anything from 
oh, well, from zero up, too. The picture had to be so! Go 
heavens, all of the scientific facts of light and of thern 
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yn showed that the continuous spectrum of an incan- 
t body is due to each atom being able to vibrate at 
equency! Even the believers in the corpuscular theory 
d in this continuity of energy! Rayleigh and all the 
competitors had to base their formulas on atoms and 
iles obeying proven laws of oscillations! 
other competitors but me” said Planck (in more ele- 
terms). “Of course I’m not saying that atoms disobey 
ven oscillation laws, but there’s the other picture, the 
vell atom-velocity-distribution laws, which certainly in- 
separate atoms and work out beautifully in all ramifi- 
is of the kinetic theory of heat. So, gentlemen, I had 
ch that the only way of using statistical mathematics 
e radiation energy curve was to go the whole way—by 
ning that energy, like matter, is made up of separate 

e bits. Following this hunch that energy is like Ameri- 

currency with no coin smaller than one cent, I went 
ther and assumed that a material oscillator cannot 
insact business with another vibrator by means of checks 
ide out to fractions of a cent. It may even be that the 
energy owned by an atom—whether fortune or pittance— 
can only exist in the form of that same radiation currency, 
vith no unit smaller than the one-cent piece, but I’m still 
working on that. Meanwhile, this being 1900, an easy year 

future pyrometer men to remember, I now announce a 
radiation law that satisfies the requirements of optical py- 
ometry. This law holds good for all areas and shapes of 
e radiation-curve hill, from zero to infinity. Therefore it 
provides at last a Radiation Scale of Absolute Temperature. 

“By the way,” concluded Planck (though again not in 
these words), “I’ve got a name for my least unit of radia- 
tion currency. It’s the quantum. Plural, quanta.” 

Thus appeared the beginning of the now famous Quantum 
Theory—a by-product of a German physicist’s interest in 
“that peculiar thing, temperature.”’ 

But it was not until much more recently that Planck’s 
distribution law was scientifically derived. This work was 
performed by Einstein and published in 1916 and 1917. It 
furnishes at last the explanation of temperature in terms 
f the interaction of radiation and matter—the description 
of the phenomena underlying our engineering concept of 
heat. There is no space here for the Einstein Proof, which 
cannot conveniently be summarized (except by putting it in 
the form of an application of the law of mass action, ex 
cited atom = atom + quantum). Suffice it to say that in 
spite of the terrific rate at which startling discoveries have 
been made since then—in spite of the bewildering variety 
of sub-atomic wavicles, in spite of energy being mass and 
vice-versa—the Wien laws as re-formulated by Planck and 
certified by A.E. himself stand unshaken: the optical py- 
rometer is an International Standard, as we shall see 
returning from our excursion. 

As we get back to the plant we can cast an admiring 
glance at the modern Galileos and Newtons and Carnots and 
Kelvins: regular fellows to talk to when you have the pleas- 
ure of their company; bridge and chess experts some of 
them, naturally! But they don’t want what they call undue 
publicity so we dassen’t visit them on this excursion. 

Now back to our practical jobs. The practical result of 
this excursion is that it has served as an introduction to: 


on 


THE INTERNATIONAL TEMPERATURE SCALE 


{The following is taken, by permission of the author, 
from a paper presented before the Temperature Symposiur 
(American Institute of Physics, 1939) by H. T. WENSEL, 


Chief 


The International Temperature’ scale, unanimously 
idopted in 1927 by the Seventh General Conference of 
Weights and Measures (representing 31 nations), is based 
n a number of fixed points whose location on the Kelvin 
scale relative to the ice point has been determined by gas 
thermometers. Part I of the text of the scale, given below, 
s self-explanatory. A few editorial corrections, not affect- 
g the scale itself, were made in 1933. 


of Pyrometry Section, National Bureau of Standards, } 


DEFINITION OF THE INTERNATIONAL TEMPERATURE SCALE 


l. The Thermodynamic Centigrade scale, on which the 
temperature of melting ice, and the temperature of con- 








A Wealth of Valuable Data on 
Resistors, Rheostats, Tap Switches 
and Their Applications 


It's More Than 


on the use of resistors, rheostats, tap switches, chokes and 


1 Catalog—it’s a complete, handy reference 


attenuators in laboratory and electronic equipment—in the 


control of motor speed, of heat and light, of signal and 


supervisory circuits—in products and special applications 


in instrument rooms, maintenance and production 


96 Pages Full of Helpful Information: practical engineering 


data—manual of resistance measurements—handy reference 


tables and dimensional drawings—wide range of stock and 
special resistance units for laboratory, precision, R.F. and 


industrial applications. Its an invaluable guide! 


Clip this coupon to your company letterhead or write us on 
company stationery giving your name and position. Catalog 


40 will be sent to you 
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wate! 


iensimng 


both under the pressure of one stand- 
100 


Vapor, 


rd atmosphere, are numbered 0° and respectively, is 
recognized as the fundamental scale to which all tempera- 


ture measurements should ultimately be referable. 


2. The difficulties incident to the practical 
realization of the thermodynamic scale have made it expedi- 
ent to adopt for 
nated as the International Temperature scale. This scale 
conforms with the thermodynamic scale as closely as 1s pos- 


experimental! 


international use a practical scale desig- 


and is designed to be definite, 
provide 


ible with present knowledge, 


onveniently and accurately reproducible, and to 
means for uniquely determining any temperature within the 
ange of the scale, thus promoting uniformity in numerical 


tatements of temperature 


Temperatures on the international scale will ordinarily 
C (Int.)” 


ing used. 


be designated as “°C,” but may be designated as “ 


tf desired to emphasize the fact that this scale 


1. The International Temperature scale is based upon a 
number of fixed and reproducible equilibrium temperatures 
to which numerical values are assigned, and upon the indi- 
ations of interpolation instruments calibrated according to 


specified procedure at the fixed temperatures. 


The basic fixed points and the numerical values as- 
signed to them for the pressure of one standard atmosphere 
re given in the following table, together with formulas 
which represent the temperature (t,) as a function of vapor 


pressure (p) over the range 680 to 780 mm. of mercury. 


6. Basie fixed points of the International Temperature 


Calf 
Cc 
(a) Temperature of equilibrium between liquid 
and gaseous oxygen at the pressure of one stand- 
ard atmosphere (oxygen point) 182.97 
t tz50 70.0126 ( p—760 ) —0.0000065 ( p—760) 2. 
(6) Temperature of equilibrium between ice 
and air-saturated water at normal atmospheric 
pressure (ice point) 0.000 


(c) Temperature of equilibrium between liquid 
vater and its vapor at the pressure of one stand- 
ard atmosphere (steam point) 

t tz40 70.0367 (p—760 ) —0.0000238 ( p 


100.000 
760) =. 


(¢) Temperature of equilibrium between liquid 


sulphur and its vapor at the pressure of one 


standard atmosphere (sulphur point) 144.60 
t,=tz50 +0.0909 (p—760) —0.000048 (p—760) 2. 
(e) Temperature of equilibrium between solid 

silver and liquid silver at normal atmospheric 

pressure (silver point) 960.5 
(f) Temperature of equilibrium between solid 

gold and liquid gold at normal atmospheric pres- 

sure (gold point) 1063 
Standard atmospheric pressure is defined as the pressure 


due to a column of mercury 760 mm. high, having a density 
f 15.5951 g./em.*, subject to 2 gravitational acceleration of 
80.665 em./sec.- and is equal to 1,013,250 dynes/cm.°. 

It is an essential feature of a practical scale of tempera 
that definite numerical values shall be 
fixed points as are chosen. It should be noted, however, that 
of the the 
as regards the degree of reproduci- 
lity of that fixed point on the International Temperature 


ture assigned to such 


the last decimal place given for eac/ values in 


table is significant only 


scale. It is not to be understood that the values are neces- 
nown on the Then odynamic Ce) tigrade scale to 
corresponding degree accuracy. [Italics MFB’s. ] 
The means available for interpolation lead to a divi- 
sion of the scale into four parts. 
(a) From the ice point to 660°C. the temperature t is 


from the resistance R 


thermometer by 


of a standard platinum re 
means of the formula 


R Ry (1 \f Bt?). 


The constants Ry, A, and B of this formula are to be deter- 


RUMI 











mined by calibration at the ice, steam, and sulphur 
respectively 
The purity and physical condition of the platin 


which the thermometer is made should be such that 
ratio R,/R» shall not be less than 1.390 for ft 100 
2.645 for t 144.6 

(b) From 190° to the ice point, the temperatur 


deduced from the resistance R, of a standard platinu 
sistance thermometer by means of the formula 


R Ro (1 it+ Bt?+C (t 100) t*]. 


The constants Ry, A, and B are to be determined as s 
fied above, and the additional constant C is determin« 
calibration at the oxygen point. 

The standard thermometer for below 0°C., 
addition, have a ratio R,/Ry less than 0.250 for t 

(c) From 660°C. to the gold point, the temperatur: 
deduced from the electromotive force e of a standard p 
num vs. platinum-rhodium thermocouple, one junctio: 
which is kept at a constant temperature of 0°C. 
other is at the temperature t defined by the formula 


use must 


while 


é a - bt ct-. 


The constants a, b, and ¢ are to be determined by calib 
tion at the freezing point of antimony, and at the silver ai 
gold points. 

(d) Above the gold point the temperature t is determin 
by means of the ratio of the intensity J» of monochromat 
visible radiation of wave-length \ cm., emitted by a blac! 
body at the temperature ty», to the intensity J; of radiati 
of the same wave-length emitted by a blackbody at the g 
point, by means of the formula 


J» C2 ] 1 
log. 
Js 11386 (t+ 273) 
The constant cy is taken as 1.432 cm. degrees. The equati 
is valid if \ (t+ 278) is less than 0.3 cm. degrees. 
“The statement that the International scale ‘conforms 


with the thermodynamic (centigrade) scale as closely as is 
possible with present knowledge’ is not entirely true today 
[states Wensel]. The introduction to the scale stated that 
the scale ‘is to be regarded as susceptible of revision and 
amendment as improved and more accurate methods of 
measurement are evolved.’ The International Conference 
meeting every six years, was scheduled to consider revisio1 
of the temperature scale in October 1939, but failed to meet 
in 1959 on account of the unsettled political conditions 
Among the revisions by which the conformity with the the 
modynamic scale might be improved are (1) the substitutior 
of Planck’s formula 


J i ec/tte —} 
AT, = 








A 


for the form of Wien’s formula given in the seale, (2) the 
use of a slightly higher value for cs, (3) some modificatior 
in values assigned to some of the fixed points to make dé 

partures from the thermodynamic scale sma'ler and mor 
regular, (4) making the junction between the thermocoupl 
and the resistance thermometer ranges at the freczing point 
of antimony instead of at 660°C., (5) extension of the sca 

190°C., and (6) better specifications for the stand 
ard resistance thermometer. 

“None of these revisions, with the exception of (4) a1 
(5), would make the scale more useful. Its greatest usefu 
ness lies in the fact that its universal use has practical! 
eliminated ambiguities in the specification of temperatures 
If and when the scale is modified, the resulting differences 
will be known and from the 1927 scale to thi 
modified scale can be easily made. If for some time durin 
and after such a modification, people are careful to stat 
on which scale temperatures are being specified, no co! 
fusion should occur. The first requirement of any scale 
that it provide means by which any thermal state maj 
unambiguously specified.” [End of quotation from Wense!l 
paper. | 


below 


conversion 


be 











cover photo story: 
New Research Building for Cummins Engine Co. 
reased demand for diesel engines finds the Cummins 
ie Co. occupying new research and development head- 
ers at Columbus, Indiana, intended to provide the finest 
facilities in the diesel industry. One entire side of 
iilding is devoted to engine testing facilities. Six 10x21- 
rooms are arranged in pairs, with observation corri- 
vetween pairs, as the photograph shows. Each corrido} 
1ipped with dynamometers and other instruments com- 
y arranged at the sides and above double-glazed oser- 
n windows. One operator can oversee tests on two en- 
at once. Instrumentation at each position includes a 
meter, revolution counter, recording thermometers, 
recharged pressure gages, water pressure gages for 
t and rear of block and cylinder head, fuel and lube oil 
sure gages, water intake vacuum gages, and meters fo 
intake of supercharged engines and fuel consumption. 
\ multi-point Leeds & Northrup potentiometer permits 
ng temperature readings at various points on the engine. 
General Radio Strobotac is used to study spring action, 
By means of an automatic weigher-feeder, all lube oil 
d is weighed to 1 oz. while the engine is running. 
hemical and metallurgical laboratories have been pro 
vided for close and continuous control over all of materials 
used in engine production, and to check experimental work. 
lhe met lab has a completely equipped darkroom; a 200.000- 
lb. Baldwin-Southwark universal; a 100-inch-pound Tinius 
Olsen impact tester for small c.i. and steel samples; Mono- 
ron, Rockwell and Brinell hardness testers; a Hevi-Duty 
ectric lab furnace; and a Bausch & Lomb research micro- 
graphic outfit. Don J. Cummins supervises research and de- 
velopment. Details were worked out by Austin Co. engineers 
with the two Cumminses and A. F. Loertz, plant engineer. 


The American Society for Measurement and Control 
1117 Wolfendale Street, Pittsburgh, Pa. 
Phone Fairfax 0161 

The September Open Meeting of the A.S.M.&C. will be 
held MONDAY EVENING, SEPTEMBER 23, at 7:45 o’clock, 
at the Bureau of Mines Auditorium, 4800 Forbes Street. 

It is a pleasure to announce that Mr. FORD R. LAMB, 
Executive Secretary of The American Society of Tool Engi- 
neers will fly from Detroit especially to address our meeting. 

Mr. Lamb is one of the three or four men in this country 
who combine facilities for obtaining exact knowledge of em- 
ployment conditions for skilled personnel, together with 
knowing how to present his facts. 

His subject—naturally—will be “The Acute Shortage of 
Skilled Help, and Just What It Means to You.” 

Non-members are cordially invited. 

R. J. S. PIGOTT FRANK C. McGOUGH 
President Secretary 


Chicago Society for Measurement and Control 
(Formerly Chicago Instrument Society) 
2626 West 31st Boulevard, Chicago 
Phone Canal 4100 

O. T. Lay, Meteorologist at the U. S. Weather Bureau at 
Chicago will give a talk, ‘Back of the Weather,” at the 
October dinner-meecting, Thursday evening, October Third, 
it the Central Y. M. C. A. auditorium, 19 S. LaSalle Street. 

Dinner at 6:30 sharp. 

Those unable to attend the dinner are cordially invited 
to hear Dr. Lay’s talk at 7:45. 


farl C, Rieger, Chairman ). EF. Dahlberg 
International Harvester Co Youngstown Sheet & Tube Co 
Walter W. Kagi W. Brock 
Western Electric Co. Socony Vacuum Oil Co. 
R. N. Powell W. M. Douglas 
Wisconsin Steel Co. Inland Steel Co 

A. W. Perkins 


S. Bogen 
niversal Oil Products Co. Underwriters Labora 


Carl R. Hope, Secretary 


INDUSTRIAL INSTRUMENT SERVICE 


CLAUD S. GORDON CO., Cleveland—Chicago—Indianapolis 
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by fusing witn Instrument LITTExz 


Cut meter expense 1 
FUSES. Other Littelfuses for auto, radio, high voltage 
fuse mountings Send specifications today for 
recommendations and samples. Ask for catalog 
H 4759 nswood Ave. 
Littelfuse, Incorporated ‘7° fax<rswoot, 





The design of the new Ward Leonard Little 
Giant Single Pole Relay is simplicity itself. It 
is sturdily buiit yet there is not an ounce of 
material in it that is not essential to efficient 
performance. Measures only 17/g”x2%g”. Con- 
trols 34, H.P. on 115-230 volts. Ideal for heat- 
ers, pumps, compressors, signal lights, etc. 
Described in Bulletin 105. 


wi) Relay Bulletins 


Little Giant Relays . Bulletin 105 


Midget Relays . . . . . 106 
Intermediate Duty Relays. : 81 
Heavy Duty Relays . ~ 131 & 132 


251 
351 & 362 


Sensitive Relays 
Time Delay Relays . 


WARD LEONARD 


ELECTRIC CONTROL DEVICES SINCE 1892 
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WARD LEONARD ELECTRIC CO. 


38 South Street, Mount Yernon, N. Y. : ‘fy ae 


Please send me Relay Bulletin Nos 
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METERS and CONTROL 
for Beiter Room 


















































Boiler Meters 
fuel 


costs, lessen 


R ed uce 





maintenance 
and outage.low- ) 
erstandby costs, 
and add capac- 
itv. They indi- 
cate. record and 
integrate Steam 
I low 
boiler. record 
Air Flow 
plied for com- 

bustion and record Flue Gas Temperature. 


from the 


sup- 


Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. For indicating, record- 


ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 





terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 


( comple te Information on any of the above Bailey 
products will be gladly furnished upon request. 


G-14 


BAILEY METER 


¢e COMPANY ° 





1041 Ivanhoe Rd., Cleveland, Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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THE MONTHS NEW 
INSTRUMENTS 


In this department we strive to report each month ALL the new devices for measure 
inspection, testing, metering and automatic control—in the form of concise technical de 
tions. When writing to manufacturers directly, please mention this department as your 
of information. Or write to Information Section, Instruments Publishing Company. 








Beckmann Thermometer 


Resistance Decades 











N Resistance Decades contair \ lically new construction of thi 
I naduct ‘ resisto n inted on mann type thermometer 1s innour 
imic insulated rotar ele iid to be such that “rattling” of tubir 
is eliminated. Simplification and 
mstruction make new instrument 
for manipulation by inexperienced 
tory assistants, it is iid, while tl 
toma Beckmann ieast-division is ret 
Walte H. Kessle Co Bi Per 
Ne York City 
Industrial Stethoscope 
New listening device, designated r 
\-Tone though non electric, is pr 
with a volume control, operated b 
t witch. Thi i mbly in turn is mount 
do on an engraved Bakelite panel and the 
wl nel d in cast aluminum box 
These Resistance Decade ire available in 
increments from 1/10th ohm to 1,000,000 
hi Shalleros ai ( / Jacksoi 
{ Collingdale, Pa 
Electric Counter 
New Mercury counter has energy re 
quirement of about 2 watts at rated volt 
ige. All units are tested at 600 counts pe crew, thereby permitting LCOUSLIC eX 
nations of a wide variety. Application 
clude engines, turbines, pipe line leaks 
Test-A-Tone Co., 274 Madison Ave 
York Citu 
Automatic Timer 
New model of maker's automatic ti 
employs a_ self-starting and “self-oilir 
electric clock movement and mer 
minute Five number wheels register t 
99,999 and repeat. Units are ivailable for 
inv 60-cycl i-( voltage up to 230, any 
d-c. voltage to 115.—Production Instrument 
Co., 702 W Jackson Blvd., Chicago, Jil 
Thermometers for Micro 
Testing 
Specially developed for temperature meas 
urements on small samples, new enclosed 
scale chemical thermometers have a_ bulb 
less than 1/16” diam ind approx ‘ 
long but readings are said to be obtain 
ible in 3 seconds. Available singly or in 
sets of three (0-100°C,, 100-200°C, and 200 mereury contacts housed in unbreakal 
s00°C. or equivalent F. scales). Enclosed metal-clad tubes. There is only one movil 
ile is of porcelain, with the = split-ten operating part ind there are no spring 
tvle of numerals assuring maximum legi- Timing dials in hours, minutes and secot 
bility for available width Walter H. Kess Emra D. Bacon, 4513 Brooklyr | 
le Co.. 21 Pearl St., New York City Cleveland, Ohio 























Process Timing Mechanism 


for Recorder-controllers = 
Exact duration of batch processir ir ca 
addition to automatic temperature or pr 


sure control, is provided by new I) 
Timing Mechanism for ‘ 













THe new No. 623 Shallcross 






Limit Bridge is a Wheatstone 

























Bridge arranged for produc- 


tion resistance testing and in- 


facilitat timing sucee e batel of the 
68 PAGES Se ate ate ee ee corporates a built-in standard. 


can he quickly spur to the stoy ind 


of vital data... starting. operatic peakes win~2 or In It provides a simple, rapid, 


Companies, 


* Here’s information of value to every ao and accurate tool for the in- 
laboratory worker and_ engineer. re lotorelay 
DuMont’s new Catalog B contains an New. “Motorelay” consists of a small ’ . 
exceptionally comprehensive discussion versible geared-head shaded-pole B spection of resistors for manu- 
of the general features of cathode-ray Motor which tilts two mercury tubes. Tubs 
instruments and associated equipment, re arranged to give s-p. d-t peratior facturers of Radio Resistors 


which will help every engineer in the 
application of his own equipment and 
in the selection of an instrument most 
adapted to any specific problem. 


Telephone Equipment, and 


* Among the many new items found in this many other phases of electri- 
spiral-bound catalog is the new Type 

208 Cathode-Ray Oscillograph which, an- 
nounced in these pages only two months 
ago, has already indicated that it will 
revolutionize all future designs for this 
class of equipment. Also the Type 213-A 
Cathode-Ray Modulation Monitor, a recent 
addition to the DuMont line, which we 
assure you will more than “earn its salt’ 
wherever a radio transmitter must operate 
at peak efficiency. Many other DuMont 
instruments, tubes and television equip- 
ment are also included. 


cal industry. Requires no tech- 
nical knowledge to operate 
and is arranged for various 


degrees of accuracy and has 


Write for Copy ... 


* A copy of Catalog B is waiting for you, 
provided you write on your business 
letterhead. Don’t delay: write today. 


automatic change of voltage. 





Write for Bulletin No. 2488-HO 


ALLEN B. DUMONT 


LABORATORIES, Inc. 
PASSAIC + NEW JERSEY 


CABLE ADDRESS: WESPEXLIN NEW YORK 


UMD 





SHALLCROSS MFG. CO. 


Instruments — Resistors — Switches 


COLLINGDALE, -PA. 











INSTRUMENTS 


Sept. 1940 Page 





A New A-c. Standard 
Measurement Method 
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4” Current 
Bridge 
VY 


Potentiometer 
4 Network 
4 


hi 


| 


Lact 


iterials having a 





1 i) re n cle from on 
negligible temperature coefficient of resist 
bridge will balance, i. ip CB, 


When resistor A i it some tempera 


T. Letou issume the ambient te per 
t f the brid t b nec \ certain 
int of energy supplied b will b 
jul i ft brir 1 ft the temperatur 7 
wl t r tam will be tl lu 
! { balar the quatior If the 
i? nt T | re l 1 ! tl n 
( t I r to maintain A 
t t r will } le than in 
na urrent tl } j 
\ I balar will b than 
f rit Sir< t} } i ’ 
ne ! nstant when the brid 
balar 1, t It lroy ro tl 
“ wit} n 1 ‘ of 
bient | tur causing por 
current 1 througt irn ( 
) { nd th b 1 t 
t n producir ! ! 
I nt J wi ir l ? 
t rature f the b T 
per t I { effect i Die! 1 
t ? RB i ls ? ad fr ? t 
ing temperature coefficient of 1 
t However, Bi designed that tl 
nt ir t } i negligible effect upor 
sistar (te perature ) Ther is tl 
bient temperatur incre es, the quantity 
( ner s ur for the bridge to balan 
esistor 1 must rise t new value 
her than T in the first example. It has 
been found that by selecting the respective 
s of the bridge with the proper ten 
perature coefficients of resistivity and the 
proper resistance ratios, bridge may be 
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PLASTOGRAPH 





Recording Plastometer—based on the dyna- 
mometer principle and practically ‘“‘weigh- 
ing’ the plasticity of the different materials. 
Measures consistency over a wide range of 
materials—from fairly viscous, syrupy sub- 
stances to unvulcanized rubber. Has been 
applied successfully in RESEARCH as well 
as in PLANT CONTROL (for continuous 
operation) in the following industries: 


RUBBER — CELLULOID — ARTIFICIAL SILK — 
PHOTOFILM—ACTIVATED CARBON—PAINT 
—FERTILIZER—STARCH—DEXTRIN AND GLUE 
—TAR—ASPHALT—As well as for TESTING OF 
SOILS for Highway Building 


Can be supplied with various types of mixers 
or agitators—all water jacketed for efficient 
temperature control. Has three different sen- 
Sitivity settings and can measure and record 
within each desired range with three times 
and five times increased sensitivity by the 
simple expedient of zero-suppression 


Pamphlet on Request 


BRABENDER CORPORATION 


ROCHELLE PARK, N. J. 














TUBE PHOTOMETER 


with ELECTRONIC AMPLIFICATION 
for 
Measuring Low Light on Small Areas 


@ Suitable for Spectrophotometry, for meas- 
uring Tyndall light, fluorescence and weak 
radiation, for densitometry and light 
measurements on focusing screens. of 
micro-cameras. 

@ Self-contained, portable, operated from 
power line, fully balanced for line volt- 
age variations, direct reading. 

@ High-gain DC-amplifier also applicable to 
tube voltmeters, pH meters, insulation 
meters, ionization current indicators. 


PHOTOVOLT CORPORATION 
10 E. 40 STREET NEW YORK CITY 


FLECTROCELL Photo-Elements, Colorim- 
eters, Foot-Candle Meters, Exposure Meters. 

























designed and built which will } 





of the following characteristics 
bridge will balance only when 
mined total bridge current J has b 
lished, and this current may be 1 
pendent of the ambient temperat 
The bridge, when balanced, will ir 
total current J through the. brid 
may, by design be ! ice to var 
or inversely with the ambient tem, 
Condition (1) is that for whicl 
seekin By using pronerly-desig? 
inductive resistors, the bridge may 


brated on da. ind then used a 
standard for alternating current 
wide frequeneyv range, Condition ¢ 
ful where it is desired to compet 
ome other factor which varie 
bient temperature. An a-c. standard } 
highly stable but is li: 
the indication of one fixed current 
Such standards are valuable for « 
checking but lack the desired fie 
This is readily overcome by placing 


described i 


the current bridge unit in seris 
calibrated potentiometer networl 
forms a potentiometer identical in 
to the familiar tvre of instrument 
which may be used either as a ad 
instrument 
When comparing two 


in Aa-( 
ilternatir 
izes, account must be taken of the 
shapes and phase relations. The w 
problem may be eliminated by using 
mon source of power the phase 
has been defeated by the use of a new 
of galvanometer, The first experimenta 
truments built, ! 

held their calibration through severe t 
The resistor arm A has been designe 


several Vears } 


work at a temperature well below the 
of visible radiation. It is, in most 

vacuum-mounted, The resistor itself 
carefully prepared wire, welded to the 
Except in the case of extre) 

cision units the time required for the 
sistor to reach equilibrium is neglis 
This new standard will be available ir 
mercial form in October 1940 Hu 
ddams, Yellow Springs, Ohio. 


minals 


Short-interval Timer 


New “Electronic Timer Type T1 
universal interval timer, for ranges 
1/20th second to two minutes. Control 
iccomplished through a_ specially designe 


snap-action relay of 1,000-watt pac 
Equipment is flexible with reference to 


iting control, permitting both momen 
push button and sustaining ontacts 
trol. It is universal for six timing rans 
represented by timing valves snapped int 
i readily-accessible clip Timer has bee 
designed to permit complete interchans 
ability of equipment. Thus, machine proce 
calibrations for one timer apply to all. J 


is claimed also that unit has been designé 
throughout for an unlimited life qguarantes 
to match that of any machine to which it 
ipplied 


Cambridae, 


Photoswitch Ine., 21 Chestnut & 


Mass 

















ASHCRAFT 
— ECTRIC HYDROMETER 









for the 
continuous measurement 
of specific gravity 
Utilizes a basically new prin- 
ciple of liquid density mea- 
surement by which the specific 
gravity of liquids may be in- 
stantly and continuously de- 
termined by immersion during 
the actual conditions of proc- 
essing. Also may be used in 
closed tanks, vats and pipe 
lines, etc., while fluid is sub- 
jected to moderate heat, pres- 
sure, flow and_ agitation. 
Reads varying density in open 
tanks by immersion from sur- 
face to 50 foot depth. Wired 
for attachment to. standard 
recorders and automatic den- 
sity control equipment. 


Pamphlet on request. 
ASHCRAFT AUTOMATIC 
CONTROL COMPANY 


LONG BEACH, CALIFORNIA 
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The Widest Selection 
of TIMERS and 


CHRONOGRAPHS 
Best Quality in 
every Price Range 


JULES RACINE & CO. 


20 WEST 47" ST., NEW YORK 


FREE 
Catalog 
on request 














Knopp 
strument 
making power 
ments on 


Knopp Load Analyzer 
Load Analyzer is a portabk 


especially designed for quickly 


factor and related measure 


individual loads 








Maintaining PROPER DRAFT 
is relatively a simple job once a Hays 
cent lighting equipment and neon sigt Draft Gage has been installed. Ac 
New Analyzer, because of its ultir curate measurements supplant guess 
fe iture, permits measurement f pow work resulting in more efficient com- 
factor, watts, and Ss or S \ bustion. 
Watts up to as high S$ 2 1X wW 
depending upon t lt ng | HAYS ORIGINATED and perfected 
complishes the measurement of pow f the dry or diaphragm type of draft 
tor, Watts, and volts in in entirely ney 1 gage and today Hays Draft Gages 
ee a pg nage bo a ie gett: are standard equipment in thousands 
turning a knob; (2) Watts and volts quick! of the nation's boiler rooms 
ead by means of same measuring clement HAYS DRAFT GAGES are offered 
(3) No indicating pointers or d aIcate I in a wide variety of types from the 
ments. Knopp Analyzer is availabl V-+ illustrated above, to record 
different models with ight irre! ng ree csi ~ 
bam 0.5 to. 108 ps ; notent secibie ing gage. Send for our catalog to- 
from 120 to 480 volts. Power f day. Write to 925 Eighth Avenue 
urements can be made from 10‘, lag to 85 Michigan City, Indiana. 
lead. Wattages from 10 to 48,000 watt | 
read fron i proportional lir s I 
observing i unique stroboscop dish 
KRlectrical Facilities Ine 4224 Holde S 


Oakland, Calif 
AN CITY 


AYS CORPORATION 


Combination Set and Tube 


ew A LABORATORY JOB 
“Model 803 Portable Service Shop : 
bines functions of set tester and tube teste 
Dimensions 121,” io 6”, weight 12 
Ibs. Space is provided for test lead nd 








or ID 

1/10/11 1 illiar ! Hays PORTABLE COMBUSTION TEST SETS 
a s. Oh? tel nges l g are equipped to handle an accurate gas an 
10 megs. Decibel ranges—8 to 1 15 to 29 alysis—right in the field 
29 to 49 and 32 to 4 \ self-contair bat nstallations become more successful, trouble 
t St t med I makers are rapidly exposed, guesswork be 
i built-in | supply f t i } comes a thing of the past 

ision is made for testing all old su d Test Sets are available with al! necessary 
tubes. “Dynoptimu Fount t ' equipment for the analysis for CO», CO, and 
filament voltages are tllable p to ful Oo—complete with flue gas thermometer, and 
lin Itag All te star RM draft gage. For further particulars—write to 
plate Itages and nd 925 Eighth Avenue, Michigan City, Indiana 
ter ment s rt nd g S r 
lividual l nts n S ! 
for multi-purpose tubes, et \ built-in 
chanical roll chart lists test 
tubes Radio City Products Co., Ine 
Park Place, N York City 
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Resistance Thermometer 
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Automatic-reset Timers and 
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An 


nee thermomet gned for 1 Acknowledgment 
FE. B 
t cpiccalile We wish to express our appreciation 
| PI 
nt. Opera x loring bull f the endorsement given Wheele 
( yntrollers by the recent introduction 


1 competitive instrument em sloying 


} | tT ry! wat nie 
the electronic principk 


The pleasur 


Yiven 


sti icceptance OF Our equipment for 
t s iA i\dustr il applications 1s 
anced Dy the adoption of our 
I pies in mpetitive equipment 
This verificati I Ir rep ited as 
rt } ] tr mri inl ~ \Tr 
- tnat LT princely ( pri 
vide th leans Tor revolutionizing th 
trument industry prompts us to pr 
, sg ¢ | t 1] 
! e| t tn next Tew years 11] 
j } I ! 17 
nst r r t W strument companies W1il follow th 
t ‘ ur ! ) , 1 1 1 
nt ner nstall id set by this company. And, as by 
} be ! ri 1 11 ] 
' — , tore, Wheelco will be the pioneer in 
y t t< l I t 1 { 
de ng new ways OT Satisfying 1n 
t } i ' T 7 
, 4 { y aT ] + 
' lustry s requirements 
oO , tv} lab 
| i fe f 
tw nr tir W All ott W HEELCO INSTRI MENTS Co 
“ | ttir ‘ a 
. t | t nad < 933 9 t! Halste i ot ( Icago, | 
. 2 nee Ww 
, Ww } inir 


f witcht \ ’ I t ‘ 
| tt r it j t} 
r J-RB Tne 


Time-delay Relays 


SOLA CONSTANT VOLTAGE TRANSFORMERS 


, 


2525 Clybourn 
Chicago, Illinois 
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Telemetering Syste: 


Transmitte Motion of the b 
position is to be indicated is t 
mechanically to the transmitter. ¢ 
may be by gearing, rack-and-pi1 
other suitable means. Transmitt 
prets mechanical motion int 
terms System operates or W) 
Bridge principle and includes a 





eloped for 


the purpose 
transmitter re 


where the 


standard models of 
ible One is for 
to be indicated can be 
without intermediate ge 
2 315 


the 
ervice 
direetly conr 
Anot}l 
tvpes are b 


iring 
stroke. Other 
operating mechanisn 


built 


except 


termediate gear into the tran 


the 
iduated 0 to 10 


transmitter 
standard 
senting the ! 


ial range i les than the widtl 
scale division It is impossible t 
transmitter and indicator out of st 
feature is that pointer does not char 


failure 
connected to 
wires, Sy 
ition at 
watts 1s naximun 
instances fr 
dimensions 


tion In event of power 
electrically 
three 


Ind 
transmitt 
ilable f 


volts, 50 or 60 evel 


stems are \ 
110-220 
consumption (ir 
iction of that v 
Tyre 2P9ON1T-A Indicat 
high .” deep 
Transmitter: 6” 
deep, including 

diameter shaft 

Control Co., 34 I 


wide, 
wide ) 
2 extens 
Lutomatic T¢ 
Logan St eet, P 


phia, Pa 


Non-inductive Resistors 


Complete line of commercially non 


tive power wire wound resistors, fror 
200 watt ind witl inv type of n int 
is made uy f units utilizing the A 





Perry type f winding. This is id t 
ure full wattage ratings ind l 
large differences in potential as well 
capacitances which may exist betweer 
ent turns on. windin f othe 
Reduc n of inductan i xempl 
the Type DG 1000-watt unit of 80 ol 
sistar wit! tandar windir the 
tam b crohenrie with the A 
rr windit t} i reduced to 0.3 
hen All featur of make t 
power wire wound. resistor including 
climate-pr f IRC « tin re includ 
t} new ? nadluct init Int ( 
Resistar ( , NV. J ad St., P. 
Pa 











Moisture 
Teller 


PRACTICAL 
INEXPENSIVE 





Rapid and accurate moisture test in per- 
centage by drying. Drying temperature 
controlled by thermostat. Ideal for plant 


moisture control or laboratory moisture 
determinations. 
Time required to dry the majority of 


materials is one minute. 


Suitable for granular—fibrous—crystaline 
materials in industries such as 


Sand—Textile—Tobacco 
Ceramic—Rubber—Food 
Wood—Mining—Leather 


Write for Literature 


Harry W. Dietert Co. 


9330-C Roselawn Avenue 
Detroit, Michigan 














—MICO— 
ENGRAVER 





A versatile motor-driven pantograph 
machine of high accuracy for produc- 
tion and experimental work. 

Produces excellent engraving on 
metal or plastic parts with characters 
1/16" to 1/3” tall. 

_ Attachments adapt it to small or 
arge work on flat or curved surfaces. 


Lite rature and sample : oT 


vork On Te que Sve 


Price: $113.50 with master type. 
Mico Instrument Co. 


16 ARROW STREET 
CAMBRIDGE, MASS. 








Hook-on Volt-ammete 


With new “Type \K-1 hook-or 
ammeter, alternating current can be 
instantaneously on both insulated ar 
insulated conductors by hooking the 








» 
ment around the line. For lt 
connect two leads furnis wit 
! nt) and then flip the thumb-1 ni; 
selector switch to the lesired voltag 
tion n the seal Desig j is 
ductors of 2” max. diar new It 
weighs » | inds, is desig? 
hand operation. Fou irre! rang 
60/150/600 amps, and tw tug 
O-150/¢ Its an ilable tt 
of SIX-position snay wit \ 
within per cent An integral | t 
instrument is C-shaped, split-core 
transformer designe I t 
ut i trige To 
transformer is pulled per t 
igainst the cor uctor \ t | 
handl niiy th t nsf 
! su nt plet 7 
springs open tt 1o\ | 
former nd release t t 
lovetail Int Is s t Ss 
les f rt whict would 
in 11! ! Dutt joint } ‘ Y 
bl ffects n ind ! Ir ‘ 
nt used is rh Cv} DO 
! tified Inst nt kR ! 
t r ! singh nif 
pp X long, 1 
heure cor! ponding ft 2 ! 
wit Handl ! | 1 l 
Textolit cast ' id , : 
safet 1 ? ) } 
ng stray G ( 
ad N } 
Laboratory Hot-plate 
New electric hot plate identifi: 1 
Plate ures 41, I 2 
-\ wit} 











For MODERN, 
COMPLEX 
RECEIVERS! 





New RCA Test Oscillator 


oe 167 


ed Tuis new RCA Test Oscillator 


is designed to simplify difficult 
I servicing jobs on today’s com- 
plex receiving circuits. It has the 
necessary range—6 bands; 100 to 
30,000 KC. in Fundamentals 
with harmonics of 6th band for 
U-H-F. It has the high output nec- 
essary tor single-stage alignment 
work, or for sets misaligned alto- 
gether. AC operated. A new, pre- 
cision, easy-reading dial-scale 


\-¢ nyi- 


make ita 


> 


trim appearance ind R¢ 
neering throughout.. 
see it at 


real buy at only $34.50. 


your RCA Distributor’s now! 


Over 345 n RCA Rad 


ACA Manufacturing Co.. inc.. Camden, N. J. 
A Service of the Radio Corporation of America 
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Engine Safety Cutout Rawson 
New “P607A" safety device is designed to . s 
tect stationary. internal-combustion en Twin Multimeter 
in by interrupting their operation if lu- 
bricatir il press roy rdously low 
5 1. 
it. 
| Ene \ | | 
: ’ . / 
T WW 1 . 
a ; ie arate 29 ranges in less space than any near 
: ; +) ' ng periods of equivalent combination— 
nattended. Two mod re availabl size 12” x 8” x 6” 
5 epdis desiree ’ nd P607B witl _ RANGE OF MEASUREMENTS 
) micr npere t 1 ampere 
nual reset. Latter lesigned for ai iakaranaita ea RABI waite 
I t wit ut tie starting At ip 3000 cycles 
, nt wl mear provided 1 lliamperes t amper 
llivolts 00 v 
nt t ircuit around tl} 60T7TB until ; ; 
‘ ae l pre ’ vied t mor- Special apparatus built to ler 
\ feature is universal application RAWSON ELECTRICAL 
ngines wit! listributor type of ign INSTRUMENT COMPANY 
Hor wited to break clironit on 110 POTTER ST CAMBRIDGE, MASS 
fall. F Branch: 15 East 26th St., New York City 
peratu cp . . or er Representative: E. N. Webber 
wit net tv} f genition the 4358 W. Roosevelt Rd., Chicago, Ill 
pI t te! ! re 1 whicl rt 
! t primary f pat 1 to ground 
I ’ Ler me i t up to cor 
Nenoid val in f 1 line to injection 
t That the no manual reset Jatch 
to | p reset button depressed while motor TRU-VAC 
beir started) in added safety fe 
Reason if motor is started and oil 
pressure doe not build up, motor will stoy VACUUM GAUGES 
non a operator takes his finger off (PIRANI TYPE) 
et buttor i bulb is inserted in 
! 1,” pipe tapping in the block 1 spe- Priced From $3950 
| packing gland being furnished. S-p. d-t 
witch. Overall dimensions, 61,” Circular on Request. 
high wide, 2 deep Vinneapolis 
Honeywell Regulator Co., 2950 Fourth Ave- CONTINENTAL ELECTRIC Co. 
nue South, Minneapolis, Mim GENEVA, ILLINOIS 


























SPECIAL OPTICAL PARTS 


If vour research requires special made to Bausch & Lomb high 
optical parts for experimental in- standards of accuracy. Operating 
truments, the Bausch & Lomb its own glass plant, Bausch & 
booklet “Lenses, Prism Mi: Lomb exercises complete control 
o : urnish you th in- from raw material to inished 
a on all available product 

types of optical part Listed 

therein are numerous items of A copy of the booklet ll be 
gla calcite and quartz with sent free on request Write to 
their focal length dimensions Zausch & Lomb Optical Co., 615 
tolerances and price | are St. Paul St., Rochester, N. Y. 





BAUSCH & LOMB 


BAUSCH & LOMB 
OPTICAL COMPANY 
Se) 


T ON BAUSCH & LOMB EYEWEAR, MADE FROM BAUSCH 
AUSCH & LOMB HIGH STANDARDS OF PRECISION 


FOR YOUR EYES, INSI 
& LOMB GLASS TO B 








IT’S 


Any 


Ty pe 


333 S 





Compose copy for your bulletins, sales manuals, booklets, 
catalogs, 
posing 


master 


RALPH C. COXHEAD CORPORATION 


EASY TO SAVE MONEY WITH VARI-TYPER 


office on the 
faces and spaces 
instruction can Vari- 
plate or photo-offset 


improved 


uy 
changeable 
proper 
metal 
and 


folders, etc., in » uN com- 
Type Writer with 
competent typist after 
work to. stencil, 


with /arge 


your 
copy SAVINGS appearance. 

@ Write T 
How to 
with actual 


specimen portfolio 
Using Vari-Typer 
of work produced 


day for neu 
Profit by 
samples 


Manufacturers of Vari-Typer 


IXTH AVENUE NEW YORK CITY 
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Automatic Train Sign: 
Recorder 


When a train approaches a , 
signal in train control territory th 
man forestalls the automatic applic 
the brakes by suitable devices ! 





proceeds in accordance with the operat 
rules dictated by that signal. New \ 
matic Train Signal Recorder records 

time this forestalling operation takes pl 
The same tape chart records speed and « 
off (steam admission to the evlinders) « 


AUTOMATIC TRAIN SIGNAL INDICATION 
Aur AUN SICAL, CAT 
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| Tank 
rs 40 
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ae maa 
at + + + + 6 
FORESTALLING OF RESTRICTIVE 
S/GNAL /NOICATIONS RECOROLO 
S/GNAL 20/ AT DANGER 
ACCT. BROWEN RAIL 
trol indicated ind recorded by make 
Loco Valve Pilot’ instrument, with whi 
this ATS Recorder is housea. Managemet 
thus has graph of where restrictive si 
nals occurred by examining the forestallir 
lines on the tape. The speed curve show 
how the engineman reguiated his spet 
iccordance With each signal. Operation 
\utomatic Train Signal Reeorder is cor 
trolled by an electro-pneumatic switel 
the forestalling circuit of the train conti 
mechanism, switch being closed by adn 
sion of air to warning whistle in ib 
moment of forestalling. When switch 
closed, current energizes an electro-magt 
ind causes a pencil to make a short mar 
it right angles to time axis. Except wher 
forestalling occurs, pencil draws a straight 
line near edge of tape. It is claimed that f 
the first time there is obtained fron 
instrument a record of the engineman’'s 
tention to three important railroad operat 
ing factors—efficiency, speed, and safety 
Valve Pilot Corporation, 230 Park 1 
New York City. 














mparator-Densitometer 


| 
Laboratories is designed fe 


ily projecting a spectro- 


rator-Densitometer by Applied 
ron 


iewing en ind enabling 


ectral lines identification of up to 
‘ 


ts. Pressing control button starts 
Density of se- 
tral line is read fron the scal 
ent in terms of per- 
With this 
spectograms may be cor 


* qualitative and accu- 


otor scanning, 


ting instru! 
light transmission, 
claime d, 





spectrochemical 


read for quantitative 
Among characteristics of new ap- 
ire rE) 


no special foundation re- 
(2) qualitative and quantitative an- 
combined; (3) positive identification 
tray element lines; (4) saves time: com- 
spectrogram study and measurements 
obviates need of 
long warm-up pe- 
(7) seattered light error eliminated 
minimized by motor 
magnified view of 


it one station: (5) 


ng plates (6) no 


ersonal error 
nnine (9) projects 
s” section of spectrogram being mea- 
(19) spectral lines permanently in 

is with slit of densitometer no focusing 
juired censitometer — slit aligned 
spectral lines; (11) variation in trans- 
ion of plates compensated for by ad- 
ng knob; (12) 


easily 


manual seanning beside 
scanning is available. Density rang 
ew automatic apparatus feature is fro. 
Harry W. Dietert Co., 9330 Rose 
fve., Detroit Vich. 


“Mu-switch” for High-speed 
Cam Operation 


high-speed, high-temperature service, 
“Type W” spring leaf and roller actu 
increases the scope of applications in 


“Mu-Switch” may be employed. New 





- 


ictuator comprises a phosphor bronze 

if spring riveted, at one end, to Mu 
Witch cover and having, at its free end, a 
-bracket which holds a a 1,” roller 
de of graphite-impregnated, 
Bakelite. Self-lubricating roller permits 
bearing tolerance with resulting accu- 

vy of cam-controlled action: also 
peration and minimal wear or scoring of 
perating Wu-Switeh Corp., 


Vass. 


canvas-bast 


quit t 


cam. Canton, 









A LARGE OIL REFINERY ASKS 
FOR ANOTHER PORTABLE 
PYROMETER 


40°C. cali 










for a range of —200°C. to 
brated for copper constantan thermo- 
couples, a duplicate of an instrument 


previously furnished. 


Our files show many duplicate orders 
PYROMETERS in 
3000 ° F. 


Ruggedness in construction, accur- 


for ranges up to 


from satisfied customers. 
acy of indication, and long life give 
results that mean repeat orders. Our 


instruments will satisfy you too. 


CHARLES ENGELHARD, INC. 


90 CHESTNUT ST., NEWARK, N. J. 














Bodine has a 
SPEED REDUCER MOTOR 
to fit your instrument 






More than 1600 Standard Types 
from 1/2000 to 1/6 hp. 


Whatever the nature of your 
instrument, Bodine has a frac- 
tional horsepower speed re- 
ducer motor to fit it. Bodine 
offers more types and sizes 
than any other manufacturer. 
Their precision-built parts and 
accurate, permanent alignment 
insure smooth, quiet operation 
and long life. Used 
on the finest instru- 
ments. 


a 


Send for 
BULLETIN! 


BODINE ELECTRIC CO 


2244 W. O St. Ch 
BODINE it 
FRACTIONAL H-P Company 
Address 


MOTORS 














Where space on switchboardis limited 


Rex Rotary Rheostats 


Will Meet the Requirements 


Space Saving De- 
sigr ! f 











Point 
er 


Hand Wheel 


NO BACK LASH 
Lubricated Contacts 


Vertical Position 
chimney ef- 
fect f 


Easy io operate 
and giving minute 
regulatior \ 





REX RHEOSTAT CO. 


37 W. 20th ST., NEW YORK CITY 
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we 
zs 
| ith 


Price and picture may suffice, 
hut here are othe data on 
XNervac Glass Strain Detector: 


Ext mie ‘ Sitive 3 Ww 
: mpression d tensior 

Lit n opposite colors so 

exis ne trains may be 

nalyzed and th ses de 
? ry re | 

\daptat t examin 3s 
f nv as shape v} the? 
t nspa nt Ser transpa 

T 

1) YY ns ms ' t t 
4 S PT 

Weis bs 

Car he ised to examine 
‘ ss it n\ position when 
product cannot be moved 


Most nexpensive pola 


pe mad 


Xervac Instrument Co. 
650 Main St., Hartford, Conn. 


fiir Studierende an Tech 
Hochschulen und Universitaten, By PAu! 
Ernst Reinhardt Verlag, Munchen, 
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NTS 


for Technical Students. Vol. I 


— Mechanics and Heat. Vol. Il— Sound, 


and Magnetism, Light. [>\ 


BALLANTYNE ANDERSON, McGraw 


New Yorl 1937. Cloth, ¢ 


ite physics, not only for thre 
ents for whon they were writ 


o for non-technical student who 


ted in the practical applic 

fundamental principles of 

texts assume that the stu 
do only the mathematics include | 


ilgebra and a small amount 


t! uutstanding feature Is the 


f illustrative problems. At tl 


ew f Vital Facts Both 


e feature should be of great service te 


in |} preparation. The many 


ipplications which have been listed 


will help to stimulate interes 
nm meteorolozy is particularly 


the reviewer it seems that the 


1 in heat and thermodynam- 
less than it should be. This is 
weakest part of the whole 


Many schools of engineering will 
the lack of mathematics in the 
definite handicap. It would seen 
ngineering students should be pre 


hould profit by a greater use of 


-MERSON M PUGH, issociate 
fESSO of Phusics, Carnegie In- 


fute of Technology, Pittsburgh 





sche 


Author's address 33 Dicconson St., 
zancashire, England.) Cloth, 5 
xii 950 pages. Price 3.90 RM. 


is intended as a first survey of 
physics, but it differs widely 


elementary textbooks that = are 
the reviewer. On the one hand 


the book is wide It contains a 


number of applications and, in addi- 
results of the most modern re- 


is quantum mechenics itomic 


disintegration, television, ete. On the other 


strictly dogmatic ind descrip- 


it 


n the most elementary fields, 


mechanics of mass points, the author 
efinitions and laws but does not give 
connections between these defi 


laws. The reviewer fears that 


will not help the reader to obtain 
understanding of physical facets and 
However, it certainly will be quite 
memorizing the laws of physics, 


rence book. Especially for this 


purpose the unique typographical 


the large number of excellent 
and the extensive collection of 


formulas and numerical constants, 


comprehensive index, will prove 


mely helpful. A large number of 
ire included in the text, and a 


examination questions and an 


ven as an appendix, 


ESTERMANN, Associate Profes 


of Phusics, Carnegie Institute 


Technology, Pittsburgh 


The Microscope. By R. M. ALLEN. D. Van 
‘o., Inc., New York, 1940. Cloth, 


eo 


inches, viii + 286 pages. Price $3 


fills a real need, as it is de- 
theory and manipulation of the 
The book treats the subject in 
possible manner, omitting all 


essential formule. 








The book is a practical the 
microsco;e for those who are inte 
nicroscopy. For those interested jr 
fields the iuthor has listed a 1 
pecialized volumes in a bibliog: 
large nuinber of books are includ 
the reviewer notes only one omis 
Wicroscope, Its Construction, Use 
(published by the Spencer Lens 
1935) rt list would have been 
more valuable if all books Listed 
publication dates listed it present 
half of the dates are given. 

The 1uthor is well qualified t 
this book he has lectured and wi 
this subject for years. In 1931, he 
series of lectures before the \ 
Foundrymen’s Association, whic 
Vision, appeared in 1939 as “The Mic) 
in Elementary Cast Iron Metallurs 
Viewed in the May 1940 Jnstrume 

RICHARD R 

Klectrical Measurements—Second Edi 





tion. By FRANK A, LAWS. McG) 
Book Co., Inc., New York, 1938. Ck 

91% inches, xiv 739 pages. Price 

in less than a generation after the 
edition of this classic came out. it 
“Look it up in Laws” became a say 
heard wherever electrical measure! 
testing were being made More ind 
frequently was it heard and heed 
heeded without being sroken—until 9 
more of all copies of this best-selling 
nical textbook were dog-eared th 
older printings almost falling apart 
fessor Laws had designed his text fo 
trical engineering students, but he had 
such a masterly job that in- recent ye 
electrical testing laboratory whethe 
or small, whether in Maine or in Calif 

would be considered incomplete 
book was not there. Thus, before he 
Professor Laws had the supreme sat 
tion that comes from seeing one’s cont 
tion to learning universally recognize 
instead of resting on his laurels he w 
for vears to perfect his magnum opus 
preface to this second edition is signe 
M. I. T. Professors Bennett and Hoad 
who modestly undervalue their own w 
and declare that the revised text is 
tially’’ as Professor Laws left it. 

M. F. BEHAI 






Physical Science in Modern Life. 
I. G. RicHArpson. D. Van Nostrand ¢ 
Inc., New York, 1939, Cloth, 5 7% inc 


256 pages. Price $3. 
Note that “‘modern” qualifies life’ ! 
‘physics.”” Some aspects of modern sciet 


but little of modern physics, will be f 
in this extraordinary—this delightfully 
ferent book. To the best of our recoll 
tion, the author doesn’t ever allude to pr 
tons, photons, relativistic effects or qu 
tum phenomena, 

And you'll search the Look in vain 
mathematical symbols other than 12345f 
90 jeg pardon the author does make 
of the decimai point! 

So that when we tell you that his fi 
chapter is on Streams and Eddies, and 
second chapter is on Vibrations and W 
you may say to yourself that the first w 
out Prandtl’s differential equations, and 
second without reference to de Br 
theory of matter and radiation, might 
good enough for elementary-school or t! 
school boys but not for you. 

Well, sir, if that’s what you're sayi 
yourself, you're mistaken—and you 
for a pleasant surprise when you read 
chapters, as well as for a real treat W 
you read the others. For this book is 


t 


ously a tour de force by an author of 
scholarship and exquisite refinement 
deliberately and with impishness af 
thought addresses his intellectual equal 
words intelligible to a schoolgirl. (Yes 






















HEISE BOURDON TUBE 
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world's 
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Many satisfied industrial users attest to the perfect year in 
year out efficiency of their LIQUIDOMETER gauges. Convenient 
azard-free, 100° Automatic—these gauges insure accurate read 
ings whenever required. 


No pumps, or auxiliary 
inits required to read levels. Bal- 
anced hydraulic transmission sys- 
tem completely compensatcs for 
temperature 


and 


valves 


variations on 
municating tubing. Accuracy un- 
affected by changes in specific 


gravity. 


com- 


Approved for gauging hazardous 
liquids by Underwriters’ Labcra- 
tories and other similar groups. 








ve announced that Heise Extreme Precision 
Siccaae Sea Dis oes ee ee ee Models are available for REMOTE 
ries would take three to six months because signals, automatic control of pumps, etc. Direct Reading models 
gauge is hand-calibrated and certified Please may also be installed where remote reading is not desired 
that two months should be allowed. Bette 
VI tT. us! ° . , . 
é Write for com ple te details. 
Note. Prices are surprisingly low, Example, 8120 for / 
a ten-ineh (11°%,”" OD.) gauge with 500 graduations. 
i LIAUIDOMETER 
EISE Bourdon Tube Laboratories THE CORP. 
ee \ REE 
eee ene et vere 36-27 SKILLMAN AVE. LONG ISLAND CITY, N.Y. 
In Collaboration with The A. H. Emery Co. 
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t ll eat it up, or ought to, but in your (page 103) is bad enough, but i third giving the permeabilit f fre pice 
rt you've been striving to hold the in- alternative’ (page 97) and “miecr defined ilue. This change in tl thod 
rest of research workers, engineers, sci- is “thousandth” or written for “milli” (page tablishing our electric and 1 r t 
t teachers and other cognoscenti 133) are to be deplored in such a superbly was to have gon nto effeet on Jar 
1 you've succeeded. ) prepared work. 1940, but } been laved bee 
From the modest Preface those M. F. BEHAI national labs toric h t 
ent advances which make contact their measurement When } 
ith our everyday existence. My only re established there will be no pl 
tification of the subjects chosen—some M.K.S. Units and Dimensions and a tandard ohm, but rather the 
wntous, some trivial—is that they have Proposed M.K.O.S, System. By G. EB. M be established by labs t i nt 
been the things that have interested me. If JAUNCEY and A. S. LANGSDORF. Macmillan) such as have been made at tl 
1 have wondered how an aeroplane flies Co., New York, 1940. Pressboard, 512 Sty Bureau of Standard TI } tat 
what constitutes a quicksand—why it is inches, vill 62 pages. Price $1 in this w is certainly more unel 
illy necessary to shake an embrocation, In the Foreword the authois The than any laboratory standar ild } ! 
not a mayonnaise how a man can glide purposes of this little book are to acquaint it is believed from past experienc { { 
four hours in an engineless craft—what electrical engineers, phys cis ind teachers hanges in such tandard ol 
its clarity on the televis‘on screen and and students of electrical engineerin ind than the inacecurac n tab 
wer in broadeasting stations how a fish physics with the properties of th new m ohm by absolute measure: nt 
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range from ae rodynamies in the first, is the fourth basic unit (a question left for dimensional anal b I 
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ids, gliding, infra-red photography, Ker and to discuss the differen between ma in dimensional analysi | pend 
ls, “talkies,” radiography, subjective phe- netic flux density (B) and magnetic fl l the syste f equations « | ! 
mena, nervous. reactions, locomotion, strength (H rtain imptions 1 ' fact 
peech and dialects, to interplanetary For the first two of these purposes the proportionality TI ut 
cket-ship possibilities. (These are not the book is admirable and timely It is brief primar quantitic in th M. Ix te 
nted_ titles.) The  technically-educated ind well written, which should insure t prope ind desirabl but not 1 \ 
ider will find two or three chapters mere being widely read. It points out the numer perfectly nsistent t n b 
freshers” but—unless he has an excep- sus advantages of the M.K.S. system clearly vith the thre pri ! juantit ! 
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A 24-Hour RECORD—giving ac- 
curate and dependable measurements 
so vital to efficient and economical 


operation. 


Hays Combustion Meters employ the 
Orsat principle for measurement of 
CO.. Water operated —no moving 
parts—extreme accuracy coupled with 
dependable performance. 


There is a Hays Combustion Meter 
to fit every requirement—remote or 
integral mounting, indicating or re- 
cording or both. Write to 925 Eighth 
Avenue, Michigan City, Indiana, for 


free catalog. 
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No. 1400 DUO-SEAL PUMP 


Capacity—19 liters free air per minute. 
Vacuum—0.1 micron (.0001 mm Hg.) 
Silent Operation. Positive 


No oil can back up. 


or better 
Oil Seal 
Write for Complete Circular 


W. M. WELCH SCIENTIFIC COMPANY 
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INSTRUMENTS 


nt ! I t ! 1 
’ t MKS \ t} 
I nti fit ni it nat ] \ 
} | j ntit u 1 It 
! ! nall be I nd 
1] © tl pri quart 
t lesirable distir 
I ! hich t utl | | 
ul pur} ! ! id ntage Oo tl 
it, or coulomb. A definite choice i 
not nece ! Cone can choos whiche 
t wishe f tl particular problen it 
} 1 i ! n.¢ | Die 
t l bl t fore I plac t 
in d nsional analysis 
I ithor cl < f the nor if n 
dl Vster is unfortunate The report 
nmittee of the American Association 
{f Physics Teacher studying this problen 
tes, The question of rationalization 


M.Ix.S. unit has been left open by inter 
national committees 
divided on. the 
perhaps t majority of those who have 
tudied the matter carefully in favor. of 
rationalization, It seems to this committer 
that it is not so important which way th 
matter is decided, but that it is important 
to have it decided one way or the other a 
this time. It would be unfortunate to have 
two forms of the M.K.S. system come into 
ust We have, therefore, listed definitions 
only for the rationalized units."”’ Three ex 
ellent texts (Matters, Motion and _ Elec- 
fricity by Smyth and Ufford: 


Opinion seems to. be 
subject, with 


Principles of 


KRiectri« and Vaagnetic Veasurements by 
Vigoureux and Webb Principles of Elec 
f , 


icity and Electromagnetism by Harnwell) 
are now on the market using rationalized 
M.WK.S. units. A choice has been made, We 
should stick to it 

With the non-rationalized system new 
names would have to be chosen for mag- 
magnetic field strength, 
electric displacement, and some other quan- 
tities. \s the rationalizing 
eliminates the 47 in some equations but in- 
troduces it into others. However, rationali- 
zation does eliminate the 47 from the equa- 
tions which are most used. 


netomotive force, 


iuthors say, 


This book is well worth re 
should be read critic illy 
lo MERSON M PUGH, 


Professo 


iding, but it 


issociate 
of Phusics, Carnegie In- 


stitute of Technology, Pittsburgh. 


Pressure Gauges, Indicators, Thermo- 
meters, Pyrometers. By JAMES SMIT! 
Chemical Publishing Co., New York, 1939 


Cloth, 44, 7% nehe 144 pages. Price 
ae | i} 

Printed in Great Britain” is all that ap 
pea n tl left-hand page backing the 
title-page We had looked there for the 

l pyri t noti being curiou t 
know tl nt ct riginal text. (Our 
gu nineteen-el n.) 

But t t I I side th pietu 
i } t Ze ob epru f n old o1 

t wortl ent of ! lerat 
| tarter f uN ! nex 
| ’ | instrument i suppl ! 
thal ner reference for student ind Ver 

I f t bool that should be r 

nd If is plar instrument depart 

nt 

\ Handl for } Practi 1 Mar ind 
t Student i tl truthful ib - titl 

B.S \.M.1. Me | DI rs inder the 
name of the iuthor who no doubt con 


piled this handy little volume for students 
in those excellent Mechanics’ Institutes 


whicl for generations have enriched the 
British emipire with skilled, self-reliant, 
l tartir mechanical ngineetr nly 
ung below Mechanical Engines 
l } mete pressure ind \ uun 
! ngine indicators ! lealt witl it 
two-thirds of the bool thermometers nd 
pyvrometet in the last 42 pages. The en 
phasis, of course, is on boiler-room practice 
Alth gh tl instruments shown are. old, 
their types are not obsolete ind the cor 


on-sense text is ever-new 


M. F, BEHAR. 
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tion, time 
SLOpS, total quantity produced. 


The Electric Tachometer Corp. 
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TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 30 years. 








In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 








inexpensive. 
Illustrated 
bulletins 
free. _ 
The Shore Instrument 
& Mfg. Co., Inc. 
9025 Van Wyck Avenue, Jamaica, N Y ; 
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